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Placental Transmission 


Ill. The Amino-Acids, Non-Protein Nitrogen, Urea, 
and Uric Acid in Fetal and Maternal Whole 
Blood, Plasma and Corpuscles 


By E. D. Prass, M.D., wirn THe Assistance or C. W. Matruew 
From the Obstetrical Department of the Henry Ford Hospital, Detroit 


able literature dealing with 

the placental transmission of 
the total non-protein nitrogen and the 
amino-acids, as determined by analy- 
sis of simultaneously collected samples 
of fetal and maternal blood, revealed 
certain data, which are not consistent 
with other well recognized facts. It 
was, therefore, decided to repeat this 
work in the hope of obtaining more 
uniform results, or of demonstrating a 
peculiar biological characteristic in the 
blood of pregnant women. 

Morse (1) found the amino-acids 
consistently higher in the plasma of the 
fetus than in that of the mother, but 
demonstrated the same difference in 
only 70 per cent of his cases when 
whole blood was used for analysis. 
Murlin (2) quotes Bock as having 
found these substances uniformly 
higher in the fetal whole blood, where- 
as Morel and Mouriquand (3) could 
detect no essential difference. 

If Morse’s observations on plasma 
are correct, Bock’s figures for whole 
blood should be accepted, since the 
corpuscles are generally conceded to be 
richer in amino-acids than the plasma, 
and fetal blood always has more cells 
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per unit volume than the maternal 
blood. If, however, we are to accept 
Morse’s figures for the whole blood, 
as well as for plasma, we must assume 
that the corpuscles of the pregnant 
woman are occasionally so altered that 
they contain less amino-acids than 
the plasma, for otherwise the maternal 
blood could never contain more of 
these substances than the fetal blood. 

Moreover, if Morse’s plasma and 
Bock’s whole blood observations are 
accepted, the total non-protein nitro- 
gen must be always higher in the fetal 
than in the maternal blood, unless 
there is a compensatory difference in 
the concentration of some other nitro- 
gen-containing blood constituents. 
None of the work on total non-protein 
nitrogen has shown consistent results: 
Thus, Landsberg (4) found the plasma 
values generally, but not always, 
higher on the fetal side of the pla- 
centa, while Zangemeister and Meissl 
(5) had the opposite experience with 
serum. Slemons and Morriss (6), 
Morel and Mouriquand (3), and Howe 
and Givens (7) could determine no 
consistency in the whole bloods and in 
general came to the conclusion that 
the total non-protein nitrogen was 
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not essentially different in the two 
circulations. 

It is quite obvious that these vari- 
ous results are not in harmony, and 
that. the whole subject needs further 
investigation. Consequently, we have 
examined twenty specimens of fetal 
and maternal blood and have analysed 
both the whole blood and plasma for 
total non-protein nitrogen and the 
amino-acids. The plasma volume per 
cent was determined in each sample by 
hematocrit readings and the corpus- 
cular content of the various substances 
was calculated therefrom. The urea 


TABLE I 
Amtno-acid nitrogen 
In fetal and maternal bloods 
mg. | mg. | meg. | mo. 
| 100 | ‘00 | too 
ec. le ce. ec. 
1 {7.1 
3 7. 
4 {9.1 11. 
§ | 8.0 11. 
6 | 7.1 9. 
7 18. 10. 
8 | 9. 12. 
9 | 7. 7. 
10 | 9. 41. 
ll | 8. ll. 
12 | 7. : 
13 | 8. 
14 9. 
15 | 8. 
16 | 8. 
17 | 7. 
18 | 7. 
19 | 9. 
20 | 9. 
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and uric acid were also determined. 
since there are no figures available for 
fetal and maternal plasma, and since 
the reported values for whole blood 
have shown no consistent variation in 
either direction. 

EXPERIMENTAL 


The specimens were obtained as 
nearly simultaneously as possible, the 
fetal from the cut end of the umbilical 
cord and the maternal from an arm 
vein. Coagulation was prevented by 
the use of lithium oxalate and the 
determinations were carried out by the 
methods of Folin (8). Ordinarily the 
analyses were begun immediately, but 
samples collected at night were pre- 
served in the refrigerator until the fol- 
lowing morning. Dupiicates were 
done throughout and when they failed 
to agree closely, another pair of analy- 
ses were run. Hematocrit readings 
were made after centrifuging the whole 
blood for twenty minutes at high 
speed. 


RESULTS AND DISCUSSION 


For the sake of clearness, the various 
substances studied are reported in 
separate tables, each of which is fol- 
lowed by the pertinent discussion. 

Amino-acids. The fetal whole 
blood amino-acid nitrogen varied from 
7.1 to 9.4 mg. per 100 cc. and averaged 
8.2 mg., while the maternal values 
ranged from 5.3 to 7.0 mg. and aver- 
aged 6.1 mg. In each individual case 
the fetal sample was higher than the 
maternal, the difference varying from 
1.2 to 3.2 mg., and averaging 2.1 mg. 
per 100 cc. 

The amino-acids of the fetal plasma 
were also consistently higher than 
those of the maternal plasma, the 


| | 
OLUME 
per 
cent 
6/33.3 
4/31 .6 
0135.5 
0/38.1 
; 0/35.4 
9/32.7 
3142.0 
3136.0 
6/30 .0 
3136.0 
0134.6 
3/38.0 
| 3/42.7 
7\34.0 
3132.0 
7\30.0 
7|24.7 
0/34.2 
7/32.0 
Ave..| 8. 6.4| 4.5/10. 
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former ranging from 5.0 to 7.6 mg. 
and averaging 6.4 mg. per 100 cc., 
while the latter varied from 3.6 to 
5.3 mg. and averaged 4.5 mg. per 100 
ec. The difference in favor of the 
fetal sample ranged from 1.2 to 3.1 
mg. and averaged 2.0 mg. per 100 ce. 

Since whole blood uniformly con- 
tained more amino-acids than the 
plasma, the calculated corpuscle values 
were also consistently higher. The 
fetal corpuscles varied from 7.6 to 13.7 
and averaged 10.3 mg. amino-acid nitro- 
gen per 100 cc., while the maternal 
cells ranged from 7.0 to 11.0 mg. and 
averaged 9.1 mg. per 100 cc. Al- 
though the average value for the amino- 
acids in the fetal corpuscles was thus 
shown to be appreciably higher than 
in the maternal corpuscles, the sepa- 
rate samples did not always vary in 
the same direction, for in 15 cases the 
fetal values were higher, while in five 
they were lower. 

Folin and Berglund (9) give the 
range and average of the amino-acid 
nitrogen content of the whole blood, 
plasma and corpuscles of 12 normal 
men as follows: 


nanos | “YD 
Whole blood.............. 5.7- 7.8) 6.4 
4.3—- 6.2) 5.3 


while Wu (10) gives the following 
values for plasma and corpuscles in 20 


samples of normal blood: 

RANGE 
4.0- 7.5) 5.52 
Corpuscles................ 7.7-11.4 9.47 


By tabulating our results after this 
fashion we have: 


7. 


Corpuseles...... .5-13 .7|10 3/7 .0-11. 


Whole blood... ./7.1- 9. 3 7.0) 6.1 
6.4/3.6- 5.3) 4.5 
9.1 


and by comparing them with those 
quoted above we find that the fetal 
values are higher than the accepted 
normals, while the maternal values are 
slightly lower. These variations sug- 
gest that there is a change in both 
bloods which tends to accentuate the 
difference between the two. We have 
no explanation for the increased 
amino-acids in the fetal blood and 
plasma, but have been impressed by 
the fact that thus far only the mate- 
rials essential for fetal development— 
amino-acids, calcium (11) and inor- 
ganic phosphates (12)—have been 
shown to be consistently higher in the 
fetal than in the maternal blood. This 
is probably due to “selective absorp- 
tion’ from the maternal blood. At 
present such a phrase means nothing, 
although it will no doubt be shown 
later to represent the working of a 
definite physico-chemical law, the final 
appreciation of which will depend upon 
the careful alignment of all the known 
facts into a harmonious whole. On 
the other hand, the slightly lower 
maternal values may well be the result 
of the watery dilution which the blood 
and plasma undergo in normal preg- 
nancy (13). 

Our results, then, confirm those of 
Morse for the plasma and of Bock for 
the whole blood, and remove all sus- 
picion that the corpuscles suffer any 
peculiar alteration as regards their 
capacity for holding the amino-acids 
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during pregnancy, since it has been 
demonstrated that the corpuscles 
always contain more amino-acids than 
the plasma in this condition as in the 


non-pregnant individual. 
TABLE II 
Total non-protein nitrogen 
In fetal and maternal bloods 
3 i i 3 i 
mg. | mg. | mg. | mg. | mg. | mg. 
700 | 100 | | 400 | 100 | 700 | cont | cont 
ce, cc. cc. ce, ce, ce. 
1 .8}22 .6/17 .9/40 .8)37 .6/48 .0/35.1 
3 |34.6/31 .6/22 .9/21 .6)47 .1/53 .1/48 .6 
4 .8/34.4/32 .0/25 3/52 .0/49 .0/35 
5 |38.0/32.6/28 .9/22 .7/51 .7/48 .1 
6 |26.2/23 .5)17 .5|82 4/33 .0|35 .4 
7 (|46.1/37 .7\32.9/27 .8/60 .1/47 .9/32.7 
8 75 7a 72 760.5 942 0 
9 |37.5/27 .2/23 5/56 2/43 .3/36.0 
10 |32.5/25 .9/25 .9)17 .5|38 .9/45 .7/50 .0 
ll .7/21 .3|49 .9'47 .2/49 .3/36.0 
12 |82.2/25 .6/20.3/16 .6)45 .2/42 8/48 .0:34.6 
13 .3/29 .2/25 9/21 .0/51 .0/42 .3/38.0 
14 (38.3/28.0/25 .0)19 .0/55 .3)/42.7 
15 |31.1/27 .2'37 .6)45 .6|58.7/34.0 
16 |35.0/25 .9/25 .9)17 .3|47 .9|44.4/41 .3|32.0 
17 .1/23 .3}17 .0|45 .5|50 .7|38.7|30.0 
18 .0/30 .9/20 .0\51 .9/62 .7/48 .7/24.7 
19 
20 |30.2/24.6)17 .3)14.0)47 .1/42.7/32.0 
Ave. .|35 .5/28 .9/25 1/20 .1/47 1/47 .2|34.4 


Total non-protein nitrogen. The 
total non-protein nitrogen of the fetal 
whole blood varied from 26.2 to 42.5 
mg. and averaged 35.5 mg. per 100 cc., 
while the maternal blood ranged from 
23.3 to 34.4 mg. and averaged 28.9 
mg. per 100 cc. The fetal blood had a 


uniformly higher content than the 
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maternal blood, the average difference 
being 6.6 mg. per 100 cc., and the 
range of variation being from 2.9 to 
10.3 mg. per 100 cc. 

The fetal plasma showed values 
for the total non-protein nitrogen rang- 
ing from 17.3 to 32.9 mg., and averag- 
ing 25.1 mg. per 100 cc., whereas the 
maternal plasma varied from 14.0 
to 27.8 and averaged 20.1. The differ- 
ence was again constantly in favor of 
the fetus and averaged 4.0 mg. per 
100 ce., with 1.3 and 8.4 mg. as the 
extremes. 

The total non-protein nitrogen of 
the fetal corpuscles ranged from 32.4 
to 62.7 mg. and averaged 47.4 mg., 
while the maternal cells ranged from 
33.9 to 62.7 mg. and averaged 46.1 mg. 
per 100cc. The fetal cells were higher 
than the maternal corpuscles in 12 
cases and lower in 8 cases; in the former 
the range of difference was from 1.0 
to 16.9 and in the latter from 1.5 to 
10.8 mg. per 100 ce. 

Folin and Berglund (9) give the fol- 
lowing total N.P.N. values for normal 
men: 


mance | 


while Wu (10) for his 20 normal bloods 
gives: 


RANGE 
28.8 


In tabular form our results read: 


FETAL MATERNAL 
Whole blood. .|26 .2-42 .5)35. 5/23 ..3-34. 9 
Plasma....... 17 .3-82 .9/25 . 1/14 .0-27 .8/20.1 
Corpuscles.. . . |32.4-62.7/47. .9-62.7/46.1 


The only significant fact develop- 
ing from this comparison is that the 
maternal whole blood and plasma are 
poorer in non-protein nitrogen than 
they are in normal non-pregnant indi- 
viduals, an observation which has been 
repeatedly made and which may prob- 
ably be attributed to a blood and 
plasma dilution. 

Our results fail to confirm those of 
any previous investigator, in that they 
show a consistent variation of the non- 
protein nitrogen in favor of the fetus, 
but, if they are substantiated by sub- 
sequent workers, will quite definitely 
remove the possibility of the presence 
of an unknown non-protein nitrogen- 
ous substance, which varies markedly 
in individual cases, a hypothesis which 
offered the only explanation for the 
variations previously found, for all 
the known non-protein nitrogenous 
substances are in equal or nearly equal 


blood except the amino-acids which 
are aways higher in the fetal circula- 
tion. The fact that the average deter- 
mined difference in total non-protein 
nitrogen between the fetal and mater- 
nal blood and plasma (6.6 and 4.0 mg. 
per 100 ce., respectively) is consider- 
ably greater than the observed differ- 
ence between the amino-acids of the 
fetal and maternal whole blood and 
plasma (2.1 and 2.0 mg. per 100 ce. 


concentration in the fetal and maternal J 
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respectively) indicates that the rest- 
nitrogen is appreciably higher in the 
former. We have no knowledge as 
to what substances are contained in 
this undetermined fraction, but it may 
be logically assumed to be a material 


necessary for fetal growth. 
TABLE III 
Urea nitrogen 
In fetal and maternal bloods 
BLOOD VOLUME 
3 i i 
mg. | mg. | mg. | mg. | meg. | mg. 
Too | 100 | | 100 | Too | 00 | dent | cent 
ce, ce. ce, ce. ce. ce. 
1 | 8.2) 7.7 6.0) 7.0)10.0) 9.1/48.0)35.1 
2 | 7.9) 9.0)46.6/33.3 
3 9.9) 5.0/48.4/31.6 
4 7.3/49.0/35.5 
5 | 7.9) 7.7| 7.8) 8.0) 8.0) 7.3)40.0)38.1 
6 | 8.3) 8.1) 8.7| 7.6) 
7 |15.6)15.6/18.1/18 .0)12 .9)10.7/47 .9|32.7 
8 | 9.5) 9.9) 9.9) 9.0) 9.5)45.3/42.0 
9 9.7/10.0/43.3/36.0 
10 | 8.1] 7.9) 7.9) 9.5) 8.7/50.6)30.0 
1/11. 1/49 .3)36.0 
12 | 8.4 8.8} 8.8) 8.8) 8 1) 
13 {11.0/11.0)11 .0)11.0)11 .0)11 .0/45 .3/38.0 
14 | 8.7| 8.7) 8.9) 8.7) 8.4/55.3/42.7 
15 | 7.5) 7.5) 7.5) 7.5) 7.5] 7.5/58.7/34.0 
16 | 8.4] 8.5) 8.5) 8.5) 8.5) 8.5/41.3)32.0 
17° | 8.3} 8.3) 8.3) 8.3) 8.3} 8.3)/38.7/30.0 
18 | 9.4) 9.4! 9.4) 9.4) 9.4) 9.4/48.7/24.7 
19 .7/60.0)34.2 
20 | 7.7| 7.7| 7.7| 7.7) 7.7|42.7|82.0 
Ave. .| 9.7|10.1/10.2| 8.8/47.2/34.4 


Urea. The fetal whole blood urea- 
nitrogen varied from 7.5 to 15.6 mg. 
and averaged 9.7 mg. per 100 ce., while 
the maternal values had the same 
range and average. In 10 of the 20 
cases, the two bloods gave identical 
results, while among the remainder 
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the fetal blood was higher in 5 and 
the maternal blood in 5, the maximum 
difference being 1.1 mg. and the aver- 
age difference 0.4 mg. per 100 cc., 
variations: probably not exceeding the 
experimental error. 

Fetal plasma showed values from 
6.6 to 18.1 mg., averaging 10.1 mg. per 
100 cc., whereas the maternal plasma 
varied from 7.0 to 18.0 mg. and aver- 
aged 10.2 per 100 cc. In 12 instances 
the results were identical, while in 
two the fetal sample was higher and in 
six the maternal. The maximum dif- 
ference was 2.0 mg. and the average 
difference 0.5 mg. per 100 cc. 

The calculated values for fetal cor- 
puscles varied from 7.5 to 12.9 mg. 
and averaged 9.4 mg. per 100 cc., 
while the maternal cells showed a 
range from 5.0 to 11.7 mg. and an 
average of 8.8 mg. per 100 ce. In 8 
specimens the values were identical, 
while in 8 the fetal cells were higher 
and in 4 the maternal corpuscles appar- 
ently contained more urea. Since 
these values are merely calculated, 
they tend to exaggerate any errors in 
the analyses of the whole blood and 
plasma, and should probably be given 
but little consideration. 

Folin and Berglund present the fol- 
lowing figures for urea-nitrogen in 


normal men: 


AVER- 


BANGB AGE 
Whole blood.............. 8.9-15.2) 11.5 
9.6-17 .3) 12.4 
Corpuscles................ 7.7-13.2| 10.3 
and Wu’s values are 

BANGER 
13-23 | 19.3 
Corpuscles................|.. 12-22 | 17.1 


E. D. Plass and C. W. Matthew 
Our tabulated results show: 


FETAL 


Whole blood... .|7 .5-15.6} 9.7/7 .5-15.6} 9.7 
Plasma......... 6 .6-18 .1/7 .0-18 .0)10.2 
Corpuseles. ..... 7 .5-12.9 9.4\5.0-11.7 8.8 


| Average 


Choosing for comparison the values 
given by Folin and Berglund, it 
will be seen that our figures average 
slightly lower. This accords with the 
results of previous investigations upon 
the blood during pregnancy, as does 
the observation that generally the 
plasma contains slightly more urea 
than the corpuscles. 

Slemons and Morriss (6), Morel 
and Mouriquand (3), and Howe and 
Givens (7) have obtained similar 
results on whole blood, but we have 
found no record of previous work on 
the plasma, although the great diffusi- 
bility of urea made it very probable 
that its concentration would be the 
same in the fluid portions of the two 
bloods. 

Uric acid. Fetal whole blood con- 
tained from 1.0 to 4.7 mg. of uric 
acid (average 2.6 mg.), while the 
maternal whole blood values ranged 
from 1.3 to 3.8 mg. and averaged 2.5 
mg. per 100 cc. In 7 instances identi- 
cal values were obtained, in 10 the 
fetal specimen was slightly higher and 
in 3 the maternal blood contained 
slightly more uric acid. The differ- 
ences varied from 0.1 to 0.9 mg. per 
100 ce. and averaged slightly less than 
0.4 mg. 

The uric acid values for fetal plasma 
ranged from 1.2 to 5.7 mg. and aver- 
aged 2.8 mg. per 100 cc., whereas the 
maternal plasmas varied from 1.2 to 


% 
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5.2 mg. and averaged 2.6 mg. per 100 
cc. In 11 cases, the two specimens 
agreed absolutely, while in the remain- 
ing 9 the fetal plasma was higher. In 
no instance did the maternal plasma 


TABLE IV 
Uric acid 
In fetal and maternal bloods 


Fetal 


| Maternal 
| Fetal 
| Maternal] 


8 
8 
8 
8 


| Fetal 
| Maternal] 


8 | Maternal 


| Feta 
SSE sy 


8 


im bo 


to 


2. 
2. 
2. 
3. 
3. 
2. 
3. 
3. 
4. 
2. 
i. 
2. 
2. 
1. 
1, 
2. 
3. 
3. 


contain more uric acid than the fetal. 
The established difference varied from 
0.1 to 1.0 mg. and averaged 0.4 mg. 
per 100 ce. 

The fetal corpuscles were calculated 
to contain from 1.4 to 5.0 mg. per 100 
ee. and averaged 2.5 mg., while the 
maternal blood cells ranged from 0.8 
to 5.5 mg. and averaged 2.3 mg. The 
two samples agreed in only 4 instances, 


whereas in 10 cases the fetal specimen 
was higher and in 6 the maternal. 
The difference varied from 0.2 to 2.1 
mg. and averaged 0.7 mg., the probable 
errors in the determined values for 
whole blood and plasma being again 
exaggerated. 
Wu’s normal values are: 


AVER- 


2.3-5.7 | 3.9 
1.2-3.8 1.9 


while our tabulated results an as 
follows: 


Our values for plasma tend to be 
lower than those of Wu but the cor- 
puscular content is appreciably higher 
and more nearly equally to the plasma 
values. We have noticed in other 
previous work that the corpuscles of 
pregnant women apparently contain 
more uric acid than normal, but have 
no explanation to offer for this fact. 

Our results confirm those of Kings- 
burg and Sedgwick (14), Slemons 
and Bogert (15), and Howe and Givens 
(7), that the uric acid does not show 
any consistent variations between fetal 
and maternal whole blood, and 
advance the new fact that equivalent 
values are likewise present in the 
plasma and corpuscles. We also 
noted, as did Slemons and Bogert, that 
occasionally at the end of labor the 


FBTAL MATERNAL 
aL 
< < 
Whole blood... .| 1.0-4.7| 2.6 1.3-3.8} 2.5 
Plasma.........| 1.2-5.7] 2.8) 1.2-5.2) 2.6 
Corpuseles......| 1.4-5.0} 2.5) 0.8-5.5) 2.3 
1 
1 
1 
1 
1 
1 
1 
1 9/60 .0/34.2 
9/42.7|32.0 
Ave. .| 2.6] 2. 2.3147 .2\34.4 


400 


uric acid of the whole blood is slightly ranging from 1.6 to 25.8 volume per 
cent with an average of 12.8. The 


fetal cell volume ranged from 37.0 
to 60.0 and averaged 47.2 volume per 


TABLE V 


above normal. 
Hematocrit. The corpuscle volume 
percentage, as determined by the 
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Clinical data 
a 
FETUS 
: 
ANESTHETIC 8 REMARKS 34 
al?| & 
ce. | grams 
1] 16) 0 |34-10/60) Ethylene-ether |125/80 | 100} Spontaneous M. Good 
prolonged 
labor 
2| 32; 2/4 Ethylene-ether |105/70 | 80) Spontaneous F. |3,375| Good 
3 | 28) O | 7-35/60) Ethylene-ether |100/65 | 100} Low forceps M. |3,520} Excellent 
4 1 | 2-30/60} Ethylene 200) Spontaneous F. |3,410) Excellent 
5| 30) 3 | 5—- 5/60) Ethylene-ether 200} Spontaneous M. |3,265) Good 
6 | 24 |14 Ethylene-ether | 90/55 | 350} Spontaneous F. |3,525| Good 
7| 34; 1 | 9 7/60) Ethylene-ether |125/75 | 75) Spontaneous M. |3,160} Good 
8 | 39) 1 | 6-14/60| Ethylene-ether |135/90 | 300} Spontaneous M. |3,155) Good 
9 | 36) 2 | 620/60) Ethylene-ether |130/90 | 400} Spontaneous F. |4,075| Excellent 
10 | 29) 4 | 1-20/60) Ethylene-ether |110/65 | 550} Spontaneous M. |3,950} Excellent 
11 | 21} 0 |35-40/60) Ethylene-ether |100/60 | 350) Spontaneous F. |2,650| Excellent 
prolonged 
labor 
12 0 | 855/60) Ethylene-ether 50} Breech extrac- | F. |3,080) Fair 
tion 
0 | 2-50/60| Nitrous oxide- |155/105) 500) Spontaneous F. |3,340) Excellent 
ether precipitate 
labor 
14) 5 | 3-31/60| Nitrous oxide- |105/65 | 400) Spontaneous M. |4,405) Excellent 
ether 
15 2 | 625/60) Nitrous oxide- |100/70 | 300} Spontaneous F. |3,280) Excellent 
ether | 
16 1 | 2-40/60} Nitrous oxide- |110/65 | 275) Spontaneous F. |3,075| Excellent 
ether precipitate 
labor 
17 3 | 5-20/60) Nitrous oxide- |120/80 Spontaneous F. = Excellent 
ether 
8 1 | 920/60) Nitrous oxide- |115/80 | 415) Spontaneous M. |3,515| Excellent 
ether 
19 1 | 3-30/60| Nitrous oxide- |125/85 | 750| Spontaneous M. |8,815} Excellent 
ether 
20 0 | 5-10/60) Ethylene 110/70 | 550) Spontaneous F. |3,260| Excellent 


hematocrit readings, varied constantly 
in favor of the fetus, the difference 


cent, whereas the maternal cell vol- 
ume ranged from 24.7 to 42.7 and 


averaged 34.4 volume per cent. These 
findings agree with those of other in- 
vestigators (16) that the fetal blood 
contains a greater percentage of cells 
than does the maternal. 

Clinical data. We have attempted 
to study only normal individuals and 
the clinical data presented in Table 
V indicate that in no mother was there 
any particular sign of disease. 

We have been unable to correlate 
the age or parity of the mother with 
any significant changes in the blood re- 
lationship, nor do any of the other 
factors charted seem to affect the vari- 
ations recorded in our experiments. 


SUMMARY 


The fetal and maternal whole blood 
and plasma from 20 normal patients 
at the term of delivery were analyzed 
for amino-acids, total non-protein 
nitrogen, urea and uric acid. It was 
found that the amino-acid nitrogen is 
constantly higher in the fetal whole 
blood and plasma than in the maternal 
samples, thus confirming the investiga- 
tions of Morse on plasma and of Bock 
on whole blood. The amino-acids, 
which are very probably necessary for 
the synthesis of proteins in the fetal 
organism, are thus seen to behave as 
do the other constituents, which are 
essential for growth (calcium and inor- 
ganic phosphates). It would seem 


that the preferment thus shown for 
the developing product of conception 
must be the result of the working of a 
definite physico-chemical law which 
acts to insure the fetus an overabun- 


(1) Morsz, A.: The amino-acid nitrogen 
of the blood in cases of normal and 
complicated pregnancy and also 
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dance of theessential “building stones.” 
Simple diffusion does not explain the 
facts, and “selective absorption” is 
too indefinite to be of any value. 

Largely by reason of this constant 
difference in the amino-acids and the 
established uniformity of the other 
non-protein nitrogenous constituents 
in the circulations, the fetal whole 
blood and plasma were found to con- 
tain constantly more total non-protein 
nitrogen than the maternal specimens. 
Such constant results have not been 
obtained by previous investigators, 
who came to the conclusion that these 
substances pass the placenta probably 
by simple diffusion. The urea and 
uric acid in the two bloods tend to be 
equal and in all probability the slight 
differences detected at times may have 
been due to analytical errors. No 
definite relationship could be detected 
between the variations detected in the 
individual substances and any facts 
obtained from clinical study of the 
patients. 

CONCLUSIONS 


1. The amino-acids are uniformly 
higher in normal fetal whole blood 
and plasma than in the maternal. 

2. The total non-protein nitrogen is 
likewise always in higher concentra- 
tion in the fetal whole blood and 
plasma. 

3. Urea is usually found in equal 
concentrations in the two bloods. 

4. Uric acid is usually found in 
equal concentrations in the two circu- 
lations, but, if there is a difference, it 
is generally higher in the fetal blood. 


in the new-born infant. Johns Hop- 
kins Hosp. Buil., Balt., 1917, xxviii, 
199-204. 
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NOTE 


Since this communication was sent 
to the press, the report of a similar 
piece of work by Karl Hellmuth has 
appeared in the Archiv fiir Gyniikolo- 
gie, 1924, CXXIII, 57-87 (Beitrige 
zur Biologie des Neugeborenen. I. 
Mitteilung: Untersuchungen iiber die 
Verteilung des Nichtprotein-Stickstoffs 
und seiner Hauptkomponenten (des 
Harnstoff—N, Aminosiure—N, der 
Harnsiure, des priformierten und Ges- 
amtkreatinins im miitterlichen und 
kindlichen Blut unter normalen und 


pathologischen Verhiiltnissen). This 
author examined the whole blood of 
mother and child and found very much 
the same variations as we have here 
reported. The total non-protein 
nitrogen was not always higher in the 
fetal circulation, although this was 
usually the case, the urea and uric 
acid were usually the same, while the 
amino-acid nitrogen was uniformly 
higher in the fetal blood, the average 
difference being 2.2 mg. per 100 ce. 
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The Histo-pathology of Post-encephalitic 
Parkinson’s Syndrome’ 


By Lzesurz B. Hopman 


From the Department of Psychiatry, the Johns Hopkins Hospital and University 


I reported the histo-pathological 

findings in 11 cases of Parkin- 
son’s syndrome following Epidemic 
Encephalitis. In that publication the 
literature was reviewed and a detailed 
account of the clinical records and the 
pathological findings of the 11 cases 
was given.” In the present paper I 
wish briefly to summarize the findings 
in those cases and add an additional 
case, observed during life in this Clinic 
and studied in its Neurological Labora- 
tory. We felt that our group of cases 
was of more than ordinary interest 
because of the relatively large number 
at our disposal. With the exception 
of our material there are probably less 
than twenty cases reported and these 
have been available only in groups of 
one or two. 

In general, we were able to confirm 
the findings of most of the other inves- 
tigators (1) that the process, is a very 
wide-spread one which involves prac- 
tically every part of the central nerv- 


1 Read before the Johns Hopkins Medi- 
cal Society, February 11, 1925. 

? These cases were studied in the labora- 
tory of Professor Marburg of the Neuro- 
logical Institute of the University of 
Vienna. I wish to acknowledge my in- 
debtedness to Professor Marburg and also 
to Dr. E. Pollack for their kindly and 
helpful assistance. 


+: A recent communication (1) 


ous system—cortex, basal ganglia, 
midbrain, cerebellum, medulla and 
cord, with especial localization in the 
basal ganglia and midbrain tegmental 
structures; and (2) that the process 
affects the parenchyma primarily and 
the cell changes are for the most part 
of the severe chronic degenerative sort 
with cell shrinkage, and sclerosis, on 
the one hand, and cell dissolution, on 
the other, with neuronophagia. Along 
with this constant picture of chronic 
degeneration one also finds more acute 
alterations with swelling and axonal al- 
teration. The nerve fibers show all 
stages from acute swelling to complete 
resorption of large areas of white mat- 
ter. The process may be a loss of 
myelin in a somewhat discontinuous 
fashion or a more radical loss resulting 
in a cribriform appearance. This for- 
mation of holes in the tissues may or 
may not implicate blood vessels. The 
glia, on the whole, shows surprisingly 
little activity. There is to be found 
some increase about the blood vessels 
with the production of glia fibers, but 
in general the glial increase is mainly 
cellular and manifests itself diffusely, 
or in the formation of small glia nod- 
ules. 
The mesenchymal elements show 
relatively little change. There is some 
slight thickening and the appearance 
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of calcareous deposits in the walls of 
the blood vessels, which is not to be 
accounted for by the age of the pa- 
tients. The pia shows signs of irrita- 
tion with minimal’ evidences of 
meningitis. 

A most striking feature is the uni- 
versal finding in our cases of persist- 
ent signs of acute and subacute inflam- 
matory reaction even after months or 
years of the disease. In every case, if 
one searches diligently enough, one 
finds definite areas of round-cell infil- 
tration with plasma cells and lym- 
phocytes. In some cases one might 
have to search many sections before 
finding it, but it was always present. 
Sometimes, when the infiltration was 
massive, one could find an occasional 
polymorphonuclear leucocyte as proof 
of the relative acuteness of the process. 
The infiltration was almost exclusively 
perivascular. No part of the nervous 
system escaped this inflammatory 
process from cortex to cord. 

In addition to the above we found 
a striking fatty change in the cells, 
which varies from a mere lipoid in- 
crease to a fatty dystrophy. Even 
taking into account the fact that the 
patients as a result of a prolonged ill- 
ness associated with difficulties in 
deglutition were profoundly marantic, 
the fatty changes seemed out of pro- 
portion to the amount one could expect 
from this cause. 

We were naturally interested to 
learn whether the present group of 
cases would throw any light upon the 
question of central nervous system 
localization in the Parkinson syn- 
dromes, especially since there has been 
so much conflicting evidence presented 
by investigators who have studied the 
so-called extrapyramidal syndromes. 


Leslie B. Hohman 


It is clear to us that no process which 
involves the central nervous system in 
so wide-spread a fashion can give any 
conclusive evidence on this question 
of localization, and we are prepared 
to present our evidence only in the 
most conservative fashion. The 
schools of neuropathologists who have 
studied the akinetic hypertonicity syn- 
drome of Parkinson have dealt for the 
most part with senile brains. These 
investigators, led by the Vogts and 
Ramsey Hunt, have been impressed 
with the lesions in the globus pallidus 
and large cells of the caudate and 
putamen. The French School of Pierre 
Marie and his pupil Tretiakoff, on the 
other hand, in their study of the syn- 
drome in senile cases and in post-en- 
cephalitic cases, have postulated the 
most important lesion in the substan- 
tia nigra. There has been practical 
agreement by all other authors, that 
in the cases of encephalitic Parkin- 
sonismus described up to date the sub- 
stantia nigra is the most profoundly 
involved. There is, of course, no 
necessity for believing that both sides 
may not be correct and that the locali- 
zation in the two diseases is not differ- 
ent. The fact that, whatever the 
pathways involved in the extra-pyra- 
midal syndromes, they are constituted 
by a number of links, would make it 
easy to understand that an interrup- 
tion at one of several places might 
result in the same final outcome. At 
any rate, in all of our cases,’ including 
the one reported in this paper, the 
most profound and constant degenera- 
tion was found in the substantia nigra. 
The degeneration in the substantia 


?In one case neither the substantia 
nigra nor pallidum were available for 
examination. 
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Fig. 1. Tue Normaut ConricuraTION OF THE SuBSTANTIA NIGRA FROM AN ACUTE 
Case or Epipemic ENCEPHALITIS 


The magnification Figs. 1 to 4 is X 125 
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nigra is manifested by the disappear- 
ance of a very great number of the 
large pigmented cells, destruction of 
many of the fibers and an increase of 
glia elements with pigment inclusions 
and pigment masses lying free in the 
tissues. Further, cases were found in 
which the pallidum was practically 
intact. Next in order of severity of 
involvement was the striatum (puta- 
men and caudatus) and then, thirdly, 
pallidum, cerebral cortex, the mid- 
brain tegmental structures (Darksche- 
witsch, nucleus interstitialis, and 
nucleus ruber); then. the cerebellum 
with the dentate, the nuclei of the 
medulla (dorsal vagus nucleus and 
ambiguus), and, finally, the cord. 

The case to be reported in this paper 
is particularly interesting because (1) 
the pathological changes except in the 
substantia nigra were almost negli- 
gible; (2) the evidences of inflammation 
were so slight that only after repeated 
searches through many blocks of tis- 
sue could it be found and then mainly 
in the region of the substantia nigra. 
The case reported is the twelfth of my 
series. The clinical record is followed 
by the histopathological report of the 
brain and cord. Grossly, no abnor- 
malities were observed in the brain. 


CLINICAL RECORD 


Case XII. 3017. 

C. A. B. Aged 36. Married. Clerk. Ad- 
mitted to the Phipps Clinic March 12, 
1920, and died June 17, 1921, after a 14 
months’ illness. 

The patient’s personal history is nega- 
tive except for slight alcoholic excess. 

The present illness which brought him 
to the hospital began on March 12, 1920, 
with dizziness, low fever, pain in his elbow, 
overtalkativeness and euphoria. A week 
later be became blue, listless, and seclu- 
sive. On the 20th he had generalized 
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tremor, became sleepless, and very restless. 
This continued and on the 29th, in addi- 
tion, his speech became thick, he had 
difficulty in swallowing, and developed 
diplopia. 

On admission on the 12th of March, 
the patient showed a speech defect, and 
deep depression with fear of death. Neuro- 
logic examination revealed: (1) left pupil 
larger than right but both reacting 
promptly to light and accommodation, al- 
though the movements were slight. Nega- 
tive eyegrounds; (2) weakness of the jaw 
muscles (3) dysphagia (necessitating tube- 
feeding), and a coarse tremor of the tongue; 
(4) subjective numbness and pain in the 
extremities; (5) hyperactive but equal 
deep and superficial reflexes; (6) a mask- 
like facies with coarse tremor of the ex- 
tremities; (7) general weakness. He held 
positions as if cataleptic. He looked sick 
and had a temperature of 100.6° with 12,600 
leucocytes. His condition remained 
stationary until the 11th of April, 1920, 
when he developed a right facial weakness, 
and a cardio-respiratory attack with a 
pulse of 120 and a respiration rate of 32 
with marked sweating. At the same time 
his urine was heavy with albumin and 
contained many casts. The following day 
he became comatose, with jerking of the 
eyeballs and of all of the musculature of 
the extremities. Lumbar puncture showed 
40 cells, globulin ++, and a luetic zone 
gold sol. curve. These spinal fluid findings 
remained constant until the end except 
for a decrease in cells just before death. 
He improved gradually from this attack 
but on April 26 showed rigidity of the 
neck with a positive Kernig on the right. 
On May 12, his fever was higher, with the 
deep reflexes more active on the left, and 
pupils fixed to light. 

From this time on there was no essential 
change in his condition except that the 
pyrexial periods with an increased re- 
spiratory rate came in irregular periods 
and there was a general continuous increase 
in rigidity. The rigidity assumed the 
Parkinsonian attitude with flexion of the 
arms and tremor of the hands but no pill- 
rolling movements. The patient could 
not move in bed. By May bed-sores had 
developed and in spite of the most careful 
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nursing care they could not be healed. 
The fever ranged from 99° to 103° and was 
practically present during the whole ill- 
ness. A mild cystitis was present for the 
last 4 months of the illness. He had 
incontinence of the urine practically the 
entire time. He died on June 17, 1921, of 
bronchopneumonia. 


HISTOLOGICAL FINDINGS IN THE 
CENTRAL NERVOUS SYSTEM 


Right putamen and caudatus: The 
number of small and large cells is 
clearly not diminished. Many of the 
large cells are practically normal, but 
there are also cells that show severe 
alterations, of various stages of chron- 
icity. One can observe cells which are 
mere shadows, others in which the cell 
body is honey-combed, and still others 
in which there is definite evidence of 
cell shrinkage with clumping of the 
Nissl substance. In some cells the 
nucleus has been pushed to one side 
and practically extruded from the cell. 
Again, one sees definite evidence of dis- 
solution of cell walls. The small cells 
are in part normal but one also sees 
nuclear swelling, and a moth-eaten 
appearance of the cell borders. 
Thorough search through the nucleus 
fails to reveal any evidence of inflam- 
matory change. On the other hand, 
no increase of glia can be detected. 
Many of the vessel spaces are widely 
dilated and the surrounding tissue sug- 
gests an increase of glia fibers. 

In the right globus pallidus the num- 
ber of large cells is normal, and, in 
contrast to those of the putamen, are 
in a much better state of preservation. 
The Nissl substance is not distinctly 
to be made out, but one must take 
into account the fact that the material 
has been in formalin for three years; 
that the autopsy was performed 18 


hours after death; that the patient had 
a prolonged period of fever, and was 
marantic for many months. Here, 
again, in the putamen there is no evi- 
dence of inflammatory reaction. 

In the left putamen one gets defi- 
nitely the impression that the large 
cells are reduced in number, but that 
on the whole they are less severely 
implicated. It is true that cell 


shadows are present and that the 


Nissl substance is by no means clear, 
but, by and large, the remaining cells 
are well preserved. The small cells 
also are much better preserved than on 
the right and show no reduction in 
number. Much more striking than 
the cell changes noted above is the 
condition to be found in both left and 
right substantia nigra. Here one finds 
that whole islands of the pigmented 
cells have been completely wiped out, 
all that remains of them being repre- 
sented by a group of pigment clumps 
and a certain number of glia cells filled 
with pigment. The remaining pig- 
mented cells show various stages of 
degeneration—from shrinkage _to 
actual dissolution of the cell borders. 
The vessel spaces in this region do not 
show any unusual dilatation, nor is 
there any marked glial overgrowth. 
In some of the larger vessels in the 
substantia nigra there is a very slight 
round-cell infiltration. Apparently 
the number of cells has been reduced at 
least two-thirds. On the other hand, 
the cells of the corpus subthalamicum 
are very well preserved and are to be 
regarded as normal. 

In the left globus pallidus the num- 
ber of cells is normal and the cell struc- 
ture seems to be intact. No- 
where is there any evidence of glia 
increase, neuronophagia, or small-cell 
infiltration. 
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In the medulla oblongata one finds 
the olives relatively intact with sur- 
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The cells of the nucleus ambiguus 
show alterations which, however, are 


prisingly little pigment. The Nissi! no more than would be expected from 
4 
Fig. 2. DeGeNeRATED Ricur SuBSTANTIA NIGRA FROM THE Reportep (Case XII) 


Practically no cells remain. 


visible. 
‘ 
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Only pigment clumps and glia cells with pigment are 
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Fig. 3. DeGeneRATED Lert NIGRA FROM THE Case Reportep (Case XII) 


Nigral cells degenerated. 


substance is not well marked but no 
less so than in the remainder of the 


brain. 


Only vestiges of pigment remain 


fever, 7.e., partial disappearance of the 
Nissl substance, swelling, and beading 
of the nuclear membrane. 
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The large motor cells of the reticu- 
lar substance and the dorsal vagus 
nucleus show somewhat more severe 
changes of the same order. Nowhere 
in the medulla is there any evidence 
of round-cell infiltration. 

In the spinal cord the anterior horn 
cells show the same febrile alteration, 
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due to fever and long-standing inani- 
tion. In the majority of these cells 
the nuclei are excentrically placed, 
there is a complete loss of Nissl sub- 
stance, and many cells are completely 
homogeneous without any remains of 
cell structure. Here, again, in the 
cortex no evidence of round-cell infil- 


Fic. 4. Rounp-cELL INFILTRATION IN A VESSEL OF THE LEFT SuBsTANTIA NIGRA 


but are otherwise not 
abnormal. 

In the left precentral corter one can 
observe small focal areas of cell loss. 
There is definite evidence of cell dam- 
age especially in the larger pyramidals. 
Undoubtedly a large part of the altera- 
tions here, however, are due to changes 


strikingly 


tration is apparent. In a section from 
the left frontal cortex, one finds nor- 
mal architectonic patterns, but the 
cells are deeply stained, shrunken, 
and there are no Nissl bodies. If it 
were not for the doubtful fixation of 
the tissues one would be inclined to 
regard many of the cells as sclerotic. 
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Here as elsewhere in the cortex there 
is no evidence of inflammatory reac- 
tion, and the cells are on the whole 
well preserved. 

In summary, therefore, one can say 
that, except for the changes due to 
fever and poor fixation, one finds: 
(1) evidence of moderate cell degenera- 
tion in the corpus striatum with an 
intact globus pallidus; (2) a severe 
and profound destruction of the sub- 
stantia nigra; (3) focal areas of loss 
in the cerebral cortex in both cells and 
fibers; (4) evidence of definite but 
very slight inflammatory changes; (5) 
very little glia increase. 


SUMMARY 

In a summary of 11 cases previously 
reported and an additional new case 
the lesions of post-encephalitic Park- 
inson’s syndrome were found to con- 
sist in: 

(1) An essentially chronic degenera- 
tive parenchymatous process with con- 
stant persistent evidences of inflam- 
matory reaction. 

(2) Wide-spread distribution of the 
lesions in every part of the central 
nervous system. 

(3) The region of maximal and con- 
stant involvement is the substantia 
nigra. 
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Chemical Studies on the Toxemias of 
Pregnancy 


By H. J. Stanper, E. E. Duncan anp W. E. Sisson 
From the Department of Obstetrics, Johns Hopkins University and Hospital 


HE finding of a completely 

satisfactory method for dif- 

ferentiation between the var- 
ious types of late toxemias of 
pregnancy and the discovery of the 
etiology of eclampsia are still among 
the leading unsolved problems in the 
field of obstetrics. The development 
of micro-chemical methods has made it 
possible to attack these problems from 
a purely chemical side and has resulted 
in some valuable and pertinent 
information. 

Calcium deprivation of the mother 
resulting from the drain on the mater- 
nal organism by the product of con- 
ception has furnished some investiga- 
tors a field for speculation as to 
the etiology of eclampsia. Plass and 
Bogert have recently reviewed this 
subject and have drawn attention to 
the fact that not only is there great 
divergence of opinion with regard to 
the normal variations in the calcium 
content of the blood during gestation, 
but also that the series of cases 
reported by most workers have been 
far too small to allow general deduc- 
tions. This criticism seems well war- 
ranted. 

Plass and Bogert then reported the 
calcium and magnesium values in a 
large series of cases—205 normal non- 


pregnant, pregnant, parturient and 
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puerperal women—and found a defi- 
nite and consistent tendency toward a 
lowering of serum calcium during ges- 
tation. Their average values for 
serum calcium were lower in normal 
pregnant women than in normal non- 
pregnant women. In women with 
toxemias of pregnancy, they noted no 
marked change in calcium from the 
normal pregnant women. Their mag- 
nesium determinations revealed very 
slight, if any, changes from the normal. 

More recently, Denis and King 
reported values for the inorganic con- 
stituents of blood in normal and abnor- 
mal pregnancy. These authors found 
that in normal pregnancy the blood 
calcium falls within the limits for 
normal non-pregnant women. Fur- 
thermore, their analyses seem to indi- 
cate that there is no appreciable change 
in the calcium, magnesium, sodium, 
potassium, chloride, phosphorus and 
sulphur contents of the blood in toxe- 
mia cases as compared with normal 
pregnancy. Although opinions differ 
as to whether there are any marked 
variations in the calcium content of 
the blood during pregnancy, there 
seems, however, to be an agreement 
that the late toxemias of pregnancy 
are not accompanied by any decrease 
in blood calcium, as has been supposed 
by some authors. 
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During the past three years we have 
analyzed the blood and urine of a 
large number of normal non-pregnant, 
normal pregnant and abnormal preg- 
nant women. The pregnant women 
were all close to or at term. A few 


urea nitrogen that of van Slyke and 
Cullen; and for ammonia-nitrogen we 
followed the directions of Folin. 
Blood: Blood specimens were taken 
from an arm-vein, before breakfast, 
except in cases of eclampsia. In these 


TABLE I 
Normal non-pregnant 


“api None} None/0.31 |85.6) 2.4/33.0)19.01 303 8 
None} None/0.45 |76.0} 4.0)27.3) 8.43) 3.0) 90/57.6 
None} None/0.88 |80.0) 4.0/29.8) 8.41 337 4 


None] None/0.71 |82.2) 3.0/31.0/14.05) 3.4) 52.3 311/21. 6) 9.4/2.7/2.4 


None} None} 0.42/81.0 2. 1/30. 9116.62 2.6} 103/56.0) 500)/312/20.0 


“zal None| Nonej1.167/71.0) 4.9)27.7/13.55) 3.1) 137/55.7| 534/314)21. 4/10. 6}3.0/3.1/50.0 


OEDEMA 


None 


None 


None 


None 


None 


3.2} 91 40.0) 485/306/21.5) 9.8)/2.3)2. 


95 |48.1) 494/340/20.5)10. 2/2. 1/3.1 


determinations were also done on pa- 
tients during the puerperium. 


METHODS 


Urine: All analyses were made on 
24-hour specimens. For the deter- 
mination of total nitrogen we used 
the procedure outlined by Folin; for 


we have endeavored to obtain samples 
immediately after a convulsion. 
Lithium citrate was used as an anti- 
coagulant. The non-protein nitrogen 
and sugar were determined by the 
Folin-Wu methods, the blood urea- 
nitrogen by the Van Slyke-Cullen 
modification of the Marshall method, 


3 
85] 
110 
18 
| 19 
43 
| = 
47 
TABLE II 
Normal pregnancy 
120 
1) None|0.61/80.0} 2.5/31.4|13.01| 2.4] 103 |46.2) 536)313)21.4| 9.8/2. 5/2. 3135.2 
None(0. 3.6/29.1/14.01) 2.7] 100 |45.7} 485/330/18.5| 9. 3/2. 2/2. 
100 
13| None|0. 59/78.0} 4. 5/28. 1/11.67] 2.8) 102 |43.7} 471|335/23.9| 8.9/2. 4)3.0/48.2 
115) 
None\0. 90/79. 1) 2.1/27.3/12. 50 
| None/0. 82/77.1) 2.4/27.4)12.12 
| 
j 
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the chlorides by the Whitehorn 
method, and the CO,-combining power 
according to Van Slyke’s technique. 
Whole blood was used in the above 
determinations, for reasons already 
set forth by one of us. As soon as the 
blood was obtained from the patient, 
a Folin-Wu filtrate was immediately 
made. This is especially important 
if sugar determinations are to be made. 

For the determination of inorganic 
elements we used blood plasma, except 
in the case of iron, where whole blood 
was employed. For potassium, mag- 
nesium and phosphorus, we followed 
the modifications of Briggs for the 
colorimetric methods; for sodium the 
Kramer and Tisdall procedure, as 
well as the Kramer and Gittelman 
iodometric method; for calcium Briggs’ 
modification of the Kramer method, 
and for iron the method of Wong. 
All determinations were done in dupli- 
cate or triplicate, or until satisfactory 
checks were obtained. 


TABLES 


In the accompanying tables the 
total nitrogen (T. N.) is expressed as 
a percentage of the total 24-hour 
urine, to indicate the extent of dilu- 
tion; the urea nitrogen (U. N.) and the 
ammonia -nitrogen (NH;-N.) are ex- 
pressed as percentages of the total 
nitrogen. The non-protein nitrogen 
(N.P.N.) the blood urea-nitrogen 
(B.U.N.), the uric acid (Ur.Ac) the 
sugar and the chlorides of the blood 
are given in milligrams per 100 ce. of 
blood; the CO,-combining power of 
the blood is expressed in volumes per 
cent. All the inorganic elements are 
written in milligrams per 100 ce. of 
blood. Phosphorus represents PO, 
as P. 
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In connection with each case, infor- 
mation is given concerning the blood 
pressure, oedema and albumin, so that 
one may gain an idea of the severity 
of the toxemia. In the blood pressure 
column we have noted the highest 
systolic and diastolic pressures, as 
well as the discharge systolic and dias- 
tolic pressures in the order mentioned. 
The same has been done in the albu- 
min column, where the first figure 
usually represents the highest amount 
of albumin found, and the second the 
amount noted on the date of discharge, 
usually three weeks after delivery. 

In the ratio tables the first figure 
represents the blood urea nitrogen ex- 
pressed as a percentage of the non- 
protein nitrogen, The ratio 
ae 4 is the blood urea nitrogen ex- 
pressed as percentage of the urea nitro- 
gen percentage in the urine, and is the 
ratio designated as “‘x”’ in the publica- 
tion of Stander, Duncan and Moses. 


RESULTS 


Normal pregnancy. A study of 
Tables I and II, as well as of the aver- 
ages reported in Table XI, clearly 
indicates that normal pregnancy is 
accompanied by very slight changes 
except in the CO;-combining power. 
In general there is a tendency toward 
lower values in the non-protein nitro- 
gen and the blood urea nitrogen, as 
was previously shown by one of us. 
The decrease in the CO;-combining 
power is well known and gives evi- 
dence of an existence of the “acidosis 
of pregnancy.” 

At present we are using a purely 
arbitrary method for differentiation 
between the various types of late 
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toxemias of pregnancy. The blood 
pressure and albumin at the end of 
three weeks, together with the pa- 
tient’s previous history, are used for 
this. differentiation. At the return 
examinations, six weeks after delivery, 
we often find it necessary to revise the 
diagnosis. This clearly indicates that 
our method of diagnosis is not without 
error. The group designated as pre- 
eclamptic toxemia may not be a defi- 
nite entity, but rather comprised of 
cases showing different degrees of 
nephritis or eclampsia. In many in- 
stances we are not even able to differ- 
entiate between nephritic toxemia and 
eclampsia. If by nephritic toxemia 
we designate a type of case where the 
kidneys are not able to carry the extra 
load of pregnancy, and yet function 
normally between pregnancies, then 
we must form a separate group for the 
cases with permanently damaged kid- 
neys,—chronic nephritis which might 
or might not have resulted from a 
pregnancy. It is even conceivable 
that typical eclampsia may in some 
instances be superimposed on a chronic 
nephritis, or may follow what we call 
nephritic toxemia. In the group of 
nephritic toxemias with convulsions 
one is impressed with the absence of 
symptoms and signs usually associated 
with nephritic uremia. 

The inorganic elements, as well as 
the various cation ratios, show very 
slight differences between the normal 
non-pregnant and normal pregnant 
woman. Generally speaking, there is 
perhaps a tendency toward a slight 
lowering of the calcium in pregnancy, 
but this is so slight as to be negligible. 

Nephritic toxemia: The outstanding 
and most surprising feature in this 
group of cases is the lack of evidence 


of any nitrogenous retention. The 
ammonia nitrogen in the urine and the 
uric acid of the blood are slightly 
elevated, whereas the non-protein 
nitrogen of the blood remains within 
normal limits, except in very severe 
eases when a slight increase is noted. 


The ratio TP_N. in this group 


shows the greatest increase over nor- 
. B.ULN. 
mal; as does also the ratio > yo N.% 


Pre-eclamptic toxemia: The am- 
monia nitrogen of the urine and the 
uric acid in the blood are also slightly 
elevated in this type of toxemia. 

The ratio NPN.* lower than in 
normal pregnancy, as has been pre- 
viously reported from this clinic. 
This ratio is, therefore, of some value 
in differentiating between the nephritic 
and the pre-eclamptic type. The ratio 
is also definitely lower in 
pre-eclampsia. 

Eclampsia: In this group we notice 
the most marked variations from the 
normal. The ammonia nitrogen in 
the urine and the uric acid in the blood 
show definite elevations. The CO,- 
combining power may be within nor- 
mal limits for a woman at term, but 
will decrease to exceedingly low levels 
in most cases where coma supervenes. 
Such low CO, values are usually en- 
countered late in the disease and indi- 
cate a developing acidosis which calls 
for immediate symptomatic treatment. 
The most interesting and perhaps most 
significant changes noted are those 
occurring in the sugar and inorganic 
phosphorus values. Unfortunately, 
we failed to make routine sugar deter- 
minations in our first series of cases 
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TABLE IX 
Ratios—pre-eclamptic toxemia 
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and consequently blood sugar values 
are available for only the last nine 
cases. All of these show a definite, 
and in some cases quite a marked, 
hyperglycemia. On the average an 
increase of about 60 per cent over nor- 
mal is observed. 

Case 565 is of still further interest. 
In this instance the child was born 
after the mother had definitely im- 
proved, and its blood sugar was 133 
mg. per 100 ce. of blood, whereas 
that of the mother was 190 mg. shortly 
after a convulsion. As we know that 
the blood sugar on the two sides of 
the placental membrane must be al- 
most in equal concentrations, this 
observation indicates that in eclampsia 
the blood sugar increases with the 
severity of the case, and diminishes 
as improvement occurs. Our other 
figures also tend to lead to a similar 
conclusion. 

Among the figures for the inorganic 
elements the most striking variations 
are found in phosphorus; the average 
value being 3.5 in eclampsia as against 
2.7 in normal pregnancy. The ratio 


ay is also definitely increased, being 
32.36, as compared with an average of 


27.83 for normal pregnancy. 


DISCUSSION 


A study of the dispensary records, 
the hospital histories and the blood 
pressure columns of our tables, has 
impressed us with the importance of 
the diastolic pressure. In many cases 
the diastolic pressure is an earlier and 
surer indication than the systolic of 
an impending or developing toxemia; 
and even in the later stages of the 
disease this pressure is often the more 
reliable as an index of the severity of 


the case. That the diastolic pressure 
may give us an idea of the filtration 
pressure required for diffusion through 
the cell membrane has already been 
pointed out by one of us, and this is 
of special interest in connection with 
changes in cell permeability. 

About fifteen years ago Jacques 
Loeb began his work on the “general 
salt effect” on a membrane. He 
showed that the diffusion of KCl 
through the egg membrane of Fundu- 
lus depends not only on the osmotic 
pressure of the KCl solution but that 
in addition a certain modification of 
the membrane must be brought about, 
which is perhaps produced by the 
salts upon the protein of the mem- 
brane. Hamburger and his co-workers 
have also attacked this problem of 
permeability and their general con- 
clusions are that the Na-ion and K- 
ion have a softening effect, and the 
Ca-ion a condensing effect on the 
cell membrane. That irritability can 
be increased or decreased by changes 
in concentration of certain of the 
cations is now well known. 

One cannot discuss changes in per- 
meability in the living organism with- 
out thinking of changes in irritability. 
Indeed casual clinical observations 
would lead one to assume that the 
nervous irritability in eclampsia is 
quite different from that in the normal, 
and very probably increased. If this 
be the case, it may be permissible to 
assume that such a change in irritabil- 
ity may be the outcome of a shifting 
in the cation concentrations, and it is 
for this reason that we have been anx- 
ious to examine the inorganic ratios. 
The only significant change we have 


thus far noted is in the [PI ratio. 
[Ca] 


! 
| 


Gross and Underhill found an increase 
in this ratio in parathyroid tetany. 
If analyses on a further series of cases 
corroborate our findings for this ratio, 
it would appear rational to assume 
that the use of CaCl, might be bene- 
ficial in eclampsia. 

Benthin, Walthard, Obata and 
Hayashi, and others have shown a rise 
in the blood sugar in certain cases of 
eclampsia, and all our sugar values in 
that condition are definitely above 
the upper limit for normal. It is, of 
course, important that one differ- 
entiate between antepartum and par- 
turient values, because labor itself 
induces a rise in blood sugar. 

Langfeldt supposed that hyper- 
glycemia may arise in any one of three 
ways. First, by a change of the 
hydrogen-ion concentration of the 
liver tissue; secondly, by a displace- 
ment of the curve of action of the liver 
diastase in such a way that the opti- 
mum would correspond or be close to 
the pH of the tissue; and lastly, by a 
lack in the formation of glycogen as 
the result of insufficient functioning 
of the pancreas. It is not probable 
that the hyperglycemia of eclampsia 
is due to the convulsion (muscular 
work) itself, because the elevated 
blood sugar persists for days after the 
last convulsion. Glycogenolysis is un- 
doubtedly governed by the hydrogen- 
ion concentration in the liver cells; 
consequently, it would seem probable 
that the change producing hyper- 
glycemia in eclampsia has taken place 
in the liver. 

Recently Harrop and Benedict pub- 
lished the results of their work on the 
participation of inorganic substances 
in carbohydrate metabolism and have 
presented the following scheme: 


The increase in both sugar and inor- 
ganic phosphorus in eclampsia may 
be quite significant from this view- 
point. It may also be well to bear 
in mind that adrenalin can cause 
hyperglycemia. It has been shown by 
Briggs, Koechig, Dorsy and Wener 
(1925) that insulin, in addition to 
causing a decrease in the sugar concen- 
tration, also brings about a lowering 
of the inorganic phosphate and potas- 
sium content of the blood of normal 
animals. In eclampsia we find a tend- 
ency towards an increase in these sub- 
stances so that the therapeutic use of 
insulin in eclampsia may not be irra- 
tional, although we have used it 
mainly to combat the acidosis develop- 
ing in seriously ill patients. 


SUMMARY 


We have discussed the possibility 
of a change in permeability resulting 
in an alteration in nervous irritability 
in eclampsia. It seems probable that 
such a change in cell permeability 
may be brought about by a variation 
in some of the cation ratios, such as 


(Naj, | [P} 
[Cal [Ca] [Cal and others and we 


are of the opinion that alterations in 
these various ratios are associated with 
the problem of fetal nutrition. 

The hyperglycemia consistently 
noted in eclampsia is probably due not 
to muscular activity, but rather to a 
change in the liver cells, such as a 
variation in their hydrogen-ion con- 
centration. Moreover, it may be 
significant that both the sugar and the 
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inorganic phosphorus content of the 
blood are elevated in eclampsia. 

We have discussed further changes 
noted in the urine and blood analyses 
of patients suffering from the late 
toxemias of pregnancy. 


CONCLUSIONS 


1. In normal pregnancy there is a 
slight decrease in the non-protein 
nitrogen of the blood and in the blood 
urea nitrogen. The CO,-combining 
power is decidedly lower in pregnancy 
than in the normal non-gravid state. 
In normal pregnancy the inorganic 
elements are within the limits for the 
normal non-pregnant woman. 

2. In nephritic toxemia, the most 
marked changes are noted in the ratios 
J 
both of which 
show an increase. The inorganic ele- 
ments are within the limits for normal 

pregnancy. 

3. Pre-eclamptic toxemia is accom- 


panied by no outstanding variations 
B. U.N, 
except a slight decrease in the NPN 


4. In eclampsia the following 
marked variations from the normal 
are noted: 

a. An elevation in the uric acid of 
the blood. 

b. A decrease in the CO,-combining 
power, which is in proportion to the 
intensity of coma. 

c. An elevated blood sugar,- which 
remains above normal for an appre- 
ciable time after the cessation of the 
convulsion. 

d. An increase in the ratio tf), 

[Ca] 
which is due to a high inorganic phos- 
phorus value. The latter changes as 
well as those noted in the sugar sug- 
gest some association between carbo- 
hydrate and phosphorus metabolism, 
as well as a change in cell permeability. 
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Multiple Osteomyelitis Due to Bacillus 
Paratyphosus B 


Demonstration of the Bacillus in a Fresh Blood 
Preparation; Report of One Case’ 


By George L. Carrineton, Durham, N. C., anp 
Wiusurt C. Davison, Baltimore, Md. 


COLORED boy, aged 8 years, was 
admitted to the Harriet Lane Home 
on February 14, and discharged 
July 23, 1921. 

The family history was without interest. 
The past history was ‘unimportant except 
that the patient had had a large abdomen 
since birth and a large, hard and movable 
spleen had been felt in July, 1920, eight 
months before the present illness. For 
this no adequate explanation had been 
found. 

Present illness. The date of onset was 
not definite. The patient had been feverish 
and short of breath for several months, had 
vomited frequently and had had pain in 
the abdomen, head and back. He had had 
frequent hemorrhages from the nose, and 
his legs and joints occasionally had become 
swollen and painful. The severity of his 
symptoms had apparently increased since 
July 5, 1921, six weeks before admission. 

Physical examination (February 14, 
1921). The temperature was 100°F. on 
admission but rose to 106°F. seven hours 
later. The pulse on admission was 124, the 
respirations 48. Lungs. The percussion 
note was impaired and the breath sounds 
diminished in the right axilla. Abdomen. 
The liver and spleen were definitely en- 
larged and both extended 5 cm. below the 
costal margin. The spleen was hard and 


1From the Department of Pediatrics, 
The Johns Hopkins University and the 
Harriet Lane Home, The Johns Hopkins 
Hospital, Baltimore, Md. Received for 
publication, Mar. 31, 1925. 


smooth. Extremities. The right elbow 
and the lower end of the right humerus were 
slightly swollen and tender. The axillary 
and cervical glands were slightly enlarged, 
the breath was foul, the teeth were carious, 
the mucous membranes pale, the costo- 
chondral junctions and parietal bosses 
prominent. The remainder of the physical 
examination was essentially negative. 

Laboratory examinations. The Wasser- 
mann reaction was negative. Blood. R.B. 
C. 3,064,000; some aniso- and poikilo-cytosis; 
many nucleated R.B.C.; platelets appar- 
ently increased; Hb. 36 per cent (Sahli); 
W.B.C. 19,800; differential count: P.M.N. 
80 per cent, L.M. 12} per cent, S.M. 6} per 
cent. An intradermal tuberculin test with 
0.1 mgm. O.T. was negative but with 1.0 
mgm. was positive. Roentgenological ex- 
amination revealed a shadow ai the base of 
the right lung, believed to be due to pneu- 
monig consolidation. The right humerus 
appeared normal. 

Because of the enlarged spleen and the 
possibility of malaria, a preparation of 
fresh blood was examined and two actively 
motile bacilli were seen. A blood culture 
made immediately afterward contained B. 
paratyphosus B. 


Course in hospital 


2/17/21. The patient vomited 20 ce. of 
bright red blood, and complained of pain 
in the chest. The abdomen was slightly 
rigid and tender. W.B.C. 9800. 

3/6/21. The temperature gradually fell 
from 106° to 101°F. between 2/17/21 and 
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3/3/22, then rose to 103° and continued 
between 100° and 103.6° F. The abdominal 
pain had gradually disappeared. The 
patient appeared to be more prostrated. 
The tenderness and swelling along the upper 
part of the right radius suggested osteo- 
myelitis. The W.B.C. were 6800. Stool and 
urine cultures were negative, but on 3/2/21 
the patient’s serum had agglutinated B. 
paratyphosus B. in a dilution of 1 to 40. 
3/12/21. The temperature varied be- 
tween 100° and 103°F. The fusiform 


swelling over the lower end of the shaft of 
the right humerus had increased in size and 
was soft and somewhat fluctuating. It 
appeared to be definitely connected with 
About 2 inches below the right 


the bone. 


Fie. 1. Raprocrapuic EvipENcE OF OsTEO- 
MYELITIS AND PERIOSTITIS OF THE 
Rieut Humerus, Rapivs 
AND ULNA 


elbow, on the flexor surface of the forearm 
there was another diffuse and somewhat 
soft swelling, which also appeared to be con- 
nected with the bones. Both swellings 
were tender. The upper one was aspirated 
and a small amount of fluid was obtained 
from whieh B. paratyphosus B was isolated. 
A blood culture three days later was sterile. 

3/17/21. Roentgenological examination 
of the right arm revealed osteomyelitis and 
periostitis of the right humerus, radius 
and ulna (Fig. 1). 

3/23/21. B. paratyphosus B was isolated 
from a stool culture. The swellings on the 
right arm had gradually increased in size 
and were definitely fluctuating. They were 
incised and pus was obtained. B. paraty- 
phosus B was isolated from the pus. The 


Fig. 2. Raprocrapsic EvipENceE oF OsTEo- 
MYELITIS OF THE RicuT 


lower end of the humerus appeared partially 
necrotic but the bone was not opened. 

4/7/21. Fever (from 100° to 102°F.) 
continuing, the wound was widened and the 
lower end of the right humerus curetted. 
A sequestrum 2 cm. in length involving the 
entire thickness of the humerus was re- 
moved. The upper ends of the ulna and 
radius were incised and pus was obtained, 
but no sequestrum was found. 

4/11/21. Swelling and tenderness ap- 
peared over the upper third of both fibulae 
and of the left ulna. Roentgenological 
examination revealed osteomyelitis in all 


Fia. 3. Raprocrapnic Evipence or Osrro- 
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three places (Figs. 2 and 3). These areas 
were incised and drained. B. paratyphosus 
B was isolated from the pus obtained. 

4/28/21. Fever (from 100° to 103°F.) 
continuing, the right elbow was again in- 
cised and sequestra from the right radius 
and ulna were removed. Irrigation of this 
area with Dakin’s solution was begun. 

5/4/21. The temperature remained be- 
tween 100° and 103°F. The patient com- 
plained of pain in the chest. Roentgeno- 
logical examination revealed osteomyelitis 
of the left seapula and of all the ribs from 
the third to the ninth, inclusive, on both 
sides (Fig. 4). These had appeared to be 
normal on 2/15/21. The bones of the skull 
did not appear to be implicated. 


Fig. 4. EvipeENcr or OsTEo- 
MYELITIS OF THE THIRD TO NINTH 
Riss on Boru 


6/21/21. The fever continued. Lesions 
of herpes zoster appeared on the right side 
extending from the spine to the sternum at 
the level of the third, fourth and fifth ribs 
and disappeared 7 days later. 

7/23/21. For two weeks the temperature 
remained under 100°F., and as the patient 
appeared to have completely recovered and 
stool cultures were negative, he was dis- 
charged with instructions to return at fre- 
quent intervals for observation. The 
spleen was still enlarged and hard, 

2/21/22. The patient except for epis- 


taxis two months previously had been in 
good health and had attended school. 
However, there was still a small sinus at the 
right elbow through which a little bloody 
pus was occasionally discharged. Roent- 
genological examination revealed that all 
the bones with the exception of the right 
elbow had become practically normal. The 
right elbow was much improved. The 
spleen was still enlarged. 

2/16/23. The patient did not return for 
further observation. The Board of Health 
reported that he had died of “acute peri- 
tonitis’”’ on this date, but no medical infor- 
mation was available and an autopsy was 
not performed. 


This case is reported for two reasons, 
first, because of the unusual micro- 
scopic observation of motile bacilli in 
fresh blood preparations and, second, 
because of the rarity of such extensive 
osteomyelitis and periostitis due to in- 
fection by B. paratyphosus B. It is 
probably true that if preparations of 
the fresh blood of patients suffering 
from septicemia were routinely exam- 
ined, the infecting organisms would 
occasionally be seen but, apparently, 
very few such observations have been 
recorded (1). Osteomyelitis and peri- 
ostitis of one or two bones are not 
unusual complications of typhoid and 
paratyphoid fever, but as far as can 
be determined from the literature, no 
case has been reported in which the 
right humerus, radius and ulna, both 
fibulae, the left ulna and scapula and 
the third to ninth ribs on both sides 
were successively implicated at inter- 
vals during a period of two months. 


BIBLIOGRAPHY 


Simon, C. E.: Meningococcus septicaemia, 
demonstration of meningococci in the 
blood smear. Jour. Amer. Med. Assn., 
1907, 48: 1938-1940. 


ey 


The Bile-Pigment Content of the 
Splenic Vein 
By Arnoup R. anp F. Rrenusorr, Jr. 


From the Departments of Pathology and Surgery, The Johns 
Hopkins University 


HE question of the relation of 
the spleen to haemoglobin 
metabolism is one which has 

had a place in the literature for 
years. That this organ is so very rich 
in blood, that erythrophagocytosis is 
so prominent within it under patho- 
logical conditions in man (and under 
normal conditions in many animals), 
that the spleen becomes enlarged dur- 
ing the course of certain diseases which 
appear to cause excessive red-cell 
destruction, and, finally, that at least 
two of these diseases may be arrested 
by splenectomy, are facts which speak 
for the importance of this organ in 
the metabolism of haemoglobin. The 
actual réle of the spleen in haemo- 
globin metabolism is, however, quite 
obscure. Since haemoglobin can be 
readily broken down into simpler sub- 
stances within the phagocytic reticulo- 
endothelial cells cf the sinuses and 
pulp, it is clear that the organ is active 
in haemoglobin katabolism in those 
cases in which marked erythrophago- 
cytosis can be demonstrated within it. 
But are these “simpler substances” 
identical with the normal products of 
haemoglobin katabolism? Certainly, 
in the case of the iron-containing pig- 
ment “haemosiderin,” which is fre- 


quently found deposited in this organ, 
we have to do with an abnormal 
product of haemoglobin destruction, 
for the iron of the haemoglobin mole- 
cule is not normally precipitated in 
the tissues in the form of pigment. As 
for the soluble, and usually invisible, 
iron-containing product resulting from 
the breaking down of haemoglobin 
within the reticulo-endothelial phago- 
cytes, it is impossible at present to be 
sure whether or not that is identical 
with the normal iron-containing 
product of haemoglobin katabolism, 
for we do not yet know enough of the 
nature of the latter substance. On 
the other hand, we are quite familiar 
with the properties of at least one of 
the normal iron-free products of haemo- 
globin katabolism—bilirubin; and, ob- 
viously, evidence that this pigment 
can be produced within the spleen has 
an important bearing on the question 
whether the spleen is able to effect the 
break-down of haemoglobin into its 
normal katabolic products. 

In 1915, van den Bergh and Snapper 
(1) compared the bilirubin content of 
the splenic vein blood with that of 
peripheral venous blood in six cases 
of “haemolytic” anaemia. In three of 
these cases, the blood was drained 
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from the spleen after removal of the 
organ at operation; in the other three 
cases, the blood was obtained from 
the vessels at autopsy from one to 
several hours after death. In one of 
these autopsy cases the blood was 
taken from the portal vein instead of 
from the splenic vein. In five of the 
six cases, the splenic vein blood con- 
tained more bilirubin than the blood 
of the peripheral veins. Van den 
Bergh and Snapper presented these 
results as evidence that bilirubin 
can be formed within the spleen. 
Kaznelson (2), in 1920, confirmed their 
observation in a case of hemolytic 
icterus; but, on the other hand, Rosen- 
thal (3) found no difference between 
the amount of bilirubin in the blood 
taken from the splenic artery and 
vein at operation in a case of hae- 
molytic jaundice, nor did Lepehne (4) 
find any difference between the bili- 
rubin content of the splenic vein and 
that of a peripheral vein in a case of 
so-called Banti’s disease in which 
there was anaemia, splenomegaly, cir- 
rhosis of the liver, and jaundice. 

In view of the importance of the 
question, and of the few attempts 
which have been made to study the 
matter during the ten years which 
have elapsed since van den Bergh 
and Snapper’s report appeared, we 
have carried out estimations of the 
bilirubin content of the splenic vein 
blood in various pathological condi- 
tions. In five of our cases the blood 
was obtained by aspiration of the 
vessels during operations for splenec- 
tomy. In the remaining five cases, 
the blood was removed from the vessels 
at autopsy shortly after death. In 
these latter cases, the splenic vein was 
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clamped near its entrance to the portal 
vein before withdrawal of the blood, 
in order to prevent aspiration of the 
portal blood. In both the operative 
and the autopsy cases especial care 
was taken to handle the spleen very 
gently, or when possible, not at all, 
before blood was withdrawn from the 
vessels. 

The bilirubin content of the various 
samples of blood was estimated by 
the van den Bergh quantitative 
“indirect”? method, and in several of 
the cases Thanhauser and Anderson’s 
modification of this test was also 
used. 


CASES 


A. White male; aged 59 years. 

Typical case of pernicious anaemia, 
clinically and pathologically. R.B.C. 
425,000; aniso- and poikilo-cytosis; Hb. 15 
per cent; W.B.C. 5400; low platelet count; 
urobilinuria; lemon yellow color of skin. 

Blood was aspirated from the splenic 
vein, from the axillary vein, and from the 
left ventricle at autopsy one hour after 
death. The bilirubin content of all three 
samples of blood was higher than normal, 
and the serum from the splenic vein was 
found to have a bilirubin content nearly twice 
as great as that from the azillary vein or from 
the heart. 

B. White female; aged 53 years. 

Typical case of pernicious anaemia, 
clinically and _ pathologically. R.B.C. 
400,000; Hb. 17 per cent; W.B.C. 4200; low 
platelet count; urobilinuria; lemon yellow 
tint to skin. 

Blood was aspirated from the splenic 
vein, the axillary vein, and the left ven- 
tricle one hour after death. The bilirubin 
content of all three samples of blood was 
higher than normal; there was no difference 
in the amount of bilirubin in the different 
samples. 

C. White female; aged 14 years. 

Clinically, a case of congenital haemoly- 
tic jaundice. R.B.C. 3,680,000; anisocy- 
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tosis, poikilocytosis; Hb. 54 percent ; W.B.C. 
11,000; increased fragility of red cells; 
jaundice; urobilinuria; splenomegaly. 

Blood was aspirated from the splenic 
artery and from the splenic vein at opera- 

tion before the spleen was removed. A 
sample of blood was taken from an arm vein 
some minutes later. All three samples of 
blood contained more bilirubin than nor- 
mally; but the blood from the splenic vein con- 
tained just twice as much bilirubin as that 
from the splenic artery or from the arm vein. 

D. White female; aged 18 years. 

Clinically and pathologically, a case of 
extreme chronic nephritis with severe 
secondary anaemia. R.B.C. 1,000,000; Hb. 
20 per cent ; W.B.C. 8000. 

Blood was aspirated from the splenic 
vein, from the axillary vein and from the 
left ventricle at autopsy one hour and a 
half after death. The bilirubin content 
of all three samples of blood was quite low, 
and there was no difference in the amount of 
bilirubin in the different samples. 

E. White male; aged 51 years. 

Pathologically, a case of sarcoma of the 
mediastinum. There was a secondary 
anaemia with 3,225,000 R.B.C., Hb. 55 per 
cent and W.B.C. 6000. 

At autopsy one hour and a half after 
death, blood was withdrawn from the 
splenic vein, from the axillary vein and from 
the left ventricle. The blood from the heart 
and from the axillary vein had a normal 
bilirubin content. The blood from the splenic 
vein contained nearly twice as much bilirubin 
as did that from the heart and the arm vein. 

F. Colored male; aged 60 years. 

A case of carcinoma of the stomach with 
widespread metastases and a mild second- 
ary anaemia. 

Blood was obtained for examination 
during an exploratory laparotomy. The 
blood from the splenic vein was found to con- 
tain about three times as much bilirubin as 
arterial blood taken at the same time. 

G. White male; aged 34 years. 

A case of severe secondary anaemia of 
undetermined nature. R.B.C. 2,400,000; 
anisocytosis and poikilocytosis; Hb. 30 per 
cent; W. B.C. 3100; no urobilinuria; R.B.C. 
resistance normal; free HC! in stomach con- 
tents; moderately enlarged spleen. 
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Blood was obtained from the splenic 
artery and vein at operation for removal 
of the spleen. The bilirubin content of both 
samples of blood was identical. 

H. White female; aged 26 years. 

A case of mental disease in which the 
blood was quite normal except for a slight 
leucocytosis before death. 

Blood was withdrawn from the splenic 
vein and from the axillary vein at autopsy 
less than two hours after death. The bili- 
rubin content of both samples of blood was 
normal and identical. 

I. White male; aged 4 years, 7 months. 

Clinically and pathologically, a case of 
nodular cirrhosis of the liver, with spleno- 
megaly, ascites, and secondary anaemia 
(Hb. 52 per cent; W.B.C. 9400). Urine neg- 
ative for urobilin. 

Blood was withdrawn from the splenic 
vein and from an arm vein during the opera- 
tion for splenectomy. The bilirubin con- 
tent of both samples of blood was normal and 
identical. 

J. White male; aged 38 years. 

A case of jaundice with enlargement of 
the liver, splenomegaly, and secondary 
anaemia (R.B.C. 3,000,000; Hb. 50 per cent; 
W. B.C. 16,700). The resistance of the red 
cells was normal. There was free HCl in the 
gastric contents. Bilirubin was present in 
the urine. 

The serum gave a direct van den Bergh 
reaction for bilirubin. 

At operation the bile-duects were found 
to be free from obstruction. The surface of 
the enlarged liver was smooth. A small 
piece of liver tissue removed for micro- 

scopical examination showed distended bile 
canaliculi, minute foci of necrosis of liver 
cells, periportal and also diffuse infiltration 
with polymorphonuclear leucocytes and 
mononuclear cells, and beginning prolifera- 
tion of fine strands of connective tissue 
from the periportal areas. 

Blood was removed from the splenic vein 
and from an arm vein during operation 
(Dr. Hughson). 

The bilirubin content of both samples of 
blood was much higher than normal, but the 
amount of bilirubin was the same in each. 
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The following table shows the results of 
these examinations. 


25% 
| 

a ag 
TYPE OF CASE Bao noe 
| 
BE 
siz | 
> bas 
Pernicious anaemia.| A. B. 
Haemolytic jaundice} C, 
Secondary anaemia | E., F.| D., G., L., J. 
Cirrhosis of liver. .. L 
Subacute hepatitis 
with jaundice..... J. 
Normal blood pic- 
H 
DISCUSSION 


These cases confirm the observation 
of van den Bergh and Snapper that 
the blood of the splenic vein may 
contain considerably more bilirubin 
than the blood taken at the same time 
from peripheral veins, or, indeed, from 
the splenic artery itself. It seems 
necessary to regard this fact as very 
strong evidence that bilirubin can be 
made within the spleen. The only 
other possible explanation would be 
that bilirubin might be stored within 
the organ and discharged from it at 
certain times. Were this true, one 
would have to assume that the periods 
of discharge happened to coincide 
with the moment of withdrawing the 
blood in those cases in which the bili- 
rubin content of the splenic vein was 
found to be high; furthermore, one 
would expect the bilirubin content of 
the splenic vein blood to be lower 
than that of the arterial blood during 
the periods of storing, and this has 
never been observed. 


It is clear from these studies, as 
well as from the conflicting reports in 
the literature, that although this evi- 
dence of bilirubin formation within 
the spleen has been observed most 
frequently in cases in which increased 
red cell destruction was prominent 
(so-called “haemolytic anaemias”’), it. 
cannot be foretold in just which patho- 
logical cases the splenic vein blood will 
show a high bilirubin content. The 
mere fact of increased red blood cell 
destruction is, apparently, not suffi- 
cient to bring about this condition. 
Thus, van den Bergh and Snapper 
(1) found no difference in the bilirubin 
content of the splenic artery and vein 
in the haemolytic anaemia and jaun- 
dice produced by toluylenediamine, 
whereas if a similar haemolytic poison 
(phenylhydrazine) were used, the 
splenic vein did often contain more 
bilirubin than the splenic artery; and 
Rich (5) found no appreciable differ- 
ence between the bilirubin content of 
the splenic artery and vein during the 
haemolytic anaemia and jaundice pro- 
duced by intravenous injections of dis- 
tilled water. 

In the present cases, no relation 
could be determined between the 
degree or the stage of the anaemia and 
the presence of a high bilirubin con- 
tent of the splenic vein; and, further- 
more, a careful microscopical study 
showed that there was no relation 
whatever between the amount of ery- 
throphagocytosis or deposition of iron 
pigment within the spleen and the 
amount of bilirubin in the splenic vein 
blood. 

As for the réle of the spleen in bili- 
rubin formation under normal condi- 
tions, we have examined repeatedly the 
blood of the splenic artery and vein in 
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normal animals and have never found 
any difference in the bilirubin con- 
tent; nor was any difference found in 
the single human case reported here in 
which haemoglobin metabolism was, 
apparently, normal. The fact that, in 
the dog, splenectomy does not appre- 
ciably influence the output of bili- 
rubin from a bile fistula (Whipple and 
Hooper (6), Inlow (7)) not even in 
the presence of extreme intravascular 
haemolysis (Rich (5)), speaks against 
any very essential participation of 
this organ in the normal formation of 
bile pigment.' However, it is entirely 
possible that the spleen may form bili- 
rubin under normal conditions and dis- 
charge it into the blood stream in 
amounts too small to be appreciated 
by our present tests. One must re- 
member that, in the dog, bilirubin can 
never be detected in the plasma under 


11t is of interest that, following the re- 
moval of the spleen in the case of haemoly- 
tic jaundice (Case C) reported here, there 
was a most remarkable decrease in the bili- 
rubin content of the plasma, so that it had 
fallen to the normal level within forty-eight 
hours; and it remained at the low limit of 
normal during the patient’s convalescence 
in the hospital. Repeated examinations of 
the serum failed to confirm Rosenthal’s ob- 
servation (3) that, following splenectomy 
in a case of haemolytic jaundice, the serum 
bilirubin gave a ‘direct’ van den Bergh re- 
action instead of the usual ‘indirect’ re- 
action whichis characteristic of this disease, 
nor did the urobilinuria give place to bili- 
rubinuria, as he reported. It seems prob- 
able that Rosenthal’s case may have been 
complicated by some circumstance besides 
splenectomy. 
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normal conditions, but if its excretion 
by the liver and kidneys is prevented, 
the pigment may accumulate up to 
detectable amounts. 

As for the manner in which bilirubin 
may be formed within the spleen, no 
more can be said than that which is 
applicable to the problem of the man- 
ner of formation of bile pigment in 
general, i.e., that the answer lies, in 
all probability, either in the reticulo- 
endothelial cells in which this organ 
is so rich, or else in some as yet unde- 


SUMMARY 


The bilirubin content of the blood 
of the splenic vein has been compared 
with that of the blood of the splenic 
artery and peripheral veins. In four 
out of ten cases the blood from the 
splenic vein contained much more 
bilirubin than the control blood. This 
is evidence that bilirubin can be 
formed within the spleen. 

In pernicious anaemia and in second- 
ary anemia, the splenic vein blood 
may or may not contain more bili- 
rubin than the blood of the splenic 
artery. 

In a case of haemolytic jaundice 
the blood from the splenic vein con- 
tained much more bilirubin than that 
from the splenic artery or from a 
peripheral vein. Following splenec- 
tomy the bilirubin content of the 
plasma fell to normal within forty- 
eight hours. 
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On the Question of the Formation of Bile 
Pigment from Haemoglobin by the 
Action of Enzymes 


By Arnotp R. anp Jonn H. Bumstrap 
The Department of Pathology, The Johns Hopkins University, Baltimore 


RIEFLY to define the present 
status of the problem of the 
manner in which bile pigment 

is made in the body, it can be said 
that, although we are still quite unin- 
formed as to the exact site of origin 
of this pigment, we are, nevertheless, in 
possession of at least three very im- 
portant facts relating to the problem: 
(a) bile pigment may be formed from 
the haemoglobin of extravasated blood 
in any tissue or serous cavity of the 
body; (6) the pigment can be formed 
within the spleen; and (c) the pigment 
can be formed in an animal from which 
the liver and all the other abdominal 
organs have been removed. 

The manner in which bile pigment is 
formed in haemorrhages has been the 
subject of numerous investigations, the 
details of which will not be entered 
into here. It will suffice to state that 
practically all students of this matter, 
as well as textbooks dealing with it, are 
agreed that the conversion of haemo- 
globin into bilirubin in haemorrhages 
occurs entirely extracellularly. It is 
believed that when haemoglobin is 
ingested by the wandering phagocytes 
which accumulate in such large num- 
bers about a haemorrhage, the iron- 
containing pigment haemosiderin is 
formed, but not bilirubin. The latter 


pigment is believed to be formed only 
when haemoglobin disintegrates in the 
tissues outside of living cells (1) (2). 

On the other hand, Léwit (3), 
Minkowski and Naunyn (4), McNee 
(5) and others have drawn attention to 
the frequent occurrence of red cells, 
bile pigment and an iron-containing 
haemosiderin-like substance side by 
side within the phagocytic cells of the 
liver, spleen and bone-marrow of cer- 
tain animals, and they believe that the 
haemoglobin of the ingested red cells 
may be broken down into iron-free bile 
pigment and an iron-containing residue 
within these cells. These cells are part 
of the so-called “reticulo-endothelial 
system” of phagocytes which are dis- 
tributed so widely throughout the 
body (16) and which are well known 
to be specifically active in erythro- 
phagocytosis. 

Since the publication of McNee’s 
work (5), the question of the possibility 
that the reticulo-endothelial cells are 
responsible for the formation of bile 
pigment has been the subject of much 
discussion and many experiments, but, 
in spite of suggestive evidence, it has 
not as yet been proved that they have 
this power. However, their presence 
in great numbers about blood extra- 
vasations in every part of the body 
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and their activity in ingesting and 
breaking down the red blood cells have 
long been recognized, and if the ac- 
tivity of cells of any sort be responsible 
for the production of bile pigment in 
haemorrhages, it seems most probable 
that it is these ubiquitous cells that 
are concerned.' If, on the other hand, 
bilirubin is formed extracellularly in 
haemorrhages, as is generally believed, 
the enzyme responsible for the con- 
version of haemoglobin into bile pig- 
ment should be present in all tissues 
fluids, since this reaction can occur in 
any tissue or serous cavity. 

The knowledge that bilirubin can 
be made within the spleen is based on 
the fact that under certain conditions 
the blood of the splenic vein has a 
much higher bilirubin content than 
that of the splenic artery (9) (10). 
The supporters of the idea that the 
reticulo-endothelial system is con- 
cerned with the formation of bile pig- 
ment, point to the exceptional richness 
of the spleen in cells of this type; while 
others believe that the transformation 
of haemoglobin into bile pigment 
within this organ occurs extracellu- 
larly in the tissue fluids. 

As for the appearance of bilirubin 
in the circulation of an animal from 
which the liver and all other ab- 
dominal organs have been removed 
(7) (8), here one has to reckon with 
the reticulo-endothelial cells especially 
of the bone-marrow, and also with the 
idea which has continually found ex- 


1In spite of frequent assumptions that 
fixed tissue cells of various types possess 
the power to form bile pigment from 
haemoglobin, there is no microscopic 
evidence of any sort pointing to the activity 
of any type of cell other than those of the 
reticulo-endothelial system in this con- 
nection. 


pression in the literature since it was 
first suggested by Virchow (11) in 
1847—that the pigment can be formed 
extracellularly in the plasma of the 
circulating blood. 

In spite of the almost universal 
acceptance of the belief that bile pig- 
ment is formed from haemoglobin 
extracellularly in haemorrhages, and 
of repeated statements concerning the 
existence of an enzyme in the plasma 
capable of effecting this transformation 
in the circulating blood (Aschoff (12) 
and others even speculate upon the 
site of origin of this hypothetical 
enzyme), when one turns to the litera- 
ture to examine the evidence upon 
which this belief is based, it is surpris- 
ing to find that there is not a single 
experiment on record in which a sys- 
tematic attempt has been made to 
demonstrate the existence of an en- 
zyme of this nature. In fact the 
onlv description of an attempt in this 
direction which we have been able to 
find is a single experiment carried out 
by Leschke (13), in which blood was 
introduced into the subarachnoid space 
by lumbar puncture. The bloody 
spinal fluid was later withdrawn and 
divided into two portions. Red blood 
cells were added to one portion and 
then both were incubated in a ther- 
mostat. After incubation, the portion 
to which red blood cells had been 
added was said to contain more bili- 
rubin than the other. Leschke’s belief 
was that the introduction of blood into 
the subarachnoid space had stimu- 
lated the discharge into the spinal fluid 
of an enzyme having the power to 
transform haemoglobin into bilirubin. 
The description of this single experi- 
ment is very meagre and there are 
numerous obvious sources of error in 
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such a procedure. Aside from any 
consideration of the method, we have 
been unable to detect any increase in 
the bilirubin content of an haemor- 
rhagic spinal fluid kept for days under 
aseptic conditions. 

There are, however, on record, ex- 
periments in which haemoglobin is 
said to have been converted into 
bilirubin by the action of the enzyme 
trypsin. Crofton (14) in 1902 re- 
ported that if trypsin were allowed to 
act on haemoglobin in the presence of 
dextrose, bilirubin would be formed. 
Hollis (15) in 1908 reported confirma- 
tion of this observation but stated 
that dextrose was not necessary for 
the reaction, for bilirubin appeared 
when haemoglobin was incubated with 
trypsin alone. 

As the following experiments will 
show, we have not been able to cor- 
roborate the statement that bile pig- 
ment is formed when trypsin acts 
upon haemoglobin. 


EXPERIMENTS 


Haemoglobin and trypsin. Five hundred 
cubic centimeters of a 0.25 per cent solu- 
tion of Merck’s haemoglobin were placed 
in each of three flasks. To the first flask 
were added 5 grams of trypsin (‘‘Holadin” 
—Fairchild Bros. and Foster, N. Y.) which 
had been tested and found active; to the 
second flask were added 5 grams of trypsin 
and 5 grams of dextrose; the third flask 
contained only the haemoglobin solution. 
The contents of all three flasks were made 
slightly alkaline to litmus, incubated at 
37°C. and tested at various intervals for 
the presence of bilirubin (Tables I, II, and 
III). The tests used were the van den 
Bergh, the Huppert-Salkowski, and the 
Gmelin, and the sediments were examined 
for bilirubin crystals. The van den Bergh 
test in all the experiments mentioned in 
this paper was checked by means of the 
control solutions described in another 
communication (6), 


The haemoglobin solutions contain- 
ing the trypsin gradually became de- 
colorized, but at no time during a 
period of twelve days could any trace 
of bilirubin be detected in either of the 
three flasks. As has been pointed out 
elsewhere (6), when a haemoglobin 
solution, after standing for some time 
under various conditions, is layered 
with nitrous acid (Gmelin test), a 
green ring may appear at the surface 
of contact of the two liquids. This 
color does not indicate the presence 
of bilirubin, for other more delicate 
tests are entirely negative and the full 
play of colors of the Gmelin test does 
not appear. In the present experi- 
ments a pink ring often appeared 
when the haemoglobin solutions to 
which trypsin had been added were 
layered with nitrous acid. The sen- 
sitive van den Bergh test remained, 
however, entirely negative and it was 
afterwards found that when our 
trypsin was allowed to act upon pro- 
tein solutions other than haemoglobin, 
the same pink color would appear on 
subsequent treatment with nitrous 
acid. 

Is there a bile pigment forming enzyme 
in the circulating blood? In view of 
the assumption that haemoglobin can 
be changed into bilirubin by enzyme 
action within the circulation (12), we 
have carried out experiments in an 
attempt to demonstrate in vitro the 
presence of a bile pigment forming 
enzyme. When haemoglobin is in- 
jected intravenously into a normal 
animal it is well known that the trans- 
formation of this haemoglobin into 
bilirubin begins quite promptly. In 
the dog the injection of a sufficient 
amount of haemoglobin is regularly 
followed by an increased output of 
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bile pigment from the liver, and by the 
appearance of the pigment in the urine. 
In this animal, as a rule, the plasma is 
kept free from bilirubin for some hours 
following the injection, owing to the 
rapid excretion of bile pigment by the 
liver and kidneys. If the conversion 
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A dog, after fasting for 24 hours pre- 
ceding the experiment, was anesthetized 
with ether and 25 cc. of blood were with- 
drawn from the jugular vein into 5 ce. of 
a 2.5 per cent sodium citrate solution under 
aseptic precautions. This blood was laked 
in 75 cc. of sterile distilled water and the 
solution then made isotonic by the addition 


TABLE I 
Haemoglobin and trypsin 
NUMBER OF DAYS GMELIN TEST VAN DEN BERGH TEST HUPPERT TEST 
3 Greenish ring Negative Negative 
5 Orange pink ring Negative Negative 
7 Orange pink ring Negative Negative 
10 Orange pink ring Negative Negative 
12 Orange pink ring Negative Negative 
TABLE II 
Haemoglobin, trypsin and dextrose 
NUMBER OF DAYS GMELIN TEST VAN DEN BERGH TEST HUPPERT TEST 
3 Orange pink ring Negative Negative 
5 Orange pink ring Negative Negative 
7 Orange pink ring Negative Negative 
10 Orange pink ring Negative Negative 
12 Orange pink ring Negative Negative 
TABLE III 
Haemoglobin solution alone 
NUMBER OF DAYS GMELIN TEST VAN DEN BERGH TEST HUPPERT TEST 
3 Green ring Negative Negative 
5 Green ring Negative Negative 
7 Green ring Negative Negative 
10 Green ring Negative Negative 
12 Green ring Negative Negative 
of haemoglobin into bilirubin actually of NaCl. The filtered laked blood was 


occurs in the circulating blood under 
these conditions, it should be possible 
to demonstrate in vitro the presence 
in the plasma of the active enzyme 
during the period in which haemo- 
globin is being transformed into bile 
pigment. 


then injected slowly into the jugular vein. 
One hour later the urine, which before the 
injection contained a trace of bilirubin 
(Huppert test), showed the presence of 
much haemoglobin and gave a very strong 
test for bilirubin. A van den Bergh test 
on the bloed serum at this time was clearly 
negative. Fifty cubic centimeters of blood 
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were now withdrawn from the carotid 
artery under aseptic precautions into 
sterile citrate, and then laked with an equal 
volume of sterile distilled water. This 
blood was placed in a series of four tubes 
which contained buffer solutions of various 
hydrogen-ion concentrations.? Toluene 
was used as a preservative. The tubes 
were incubated at 37° and tested for bili- 
rubin after 24 and 48 hours. At the end of 
the experiment the solutions were dialyzed 
against a small amount of distilled water 
and the pH determined colorimetrically. 
The solutions and sediments were then 
extracted with a small amount of warm 
chloroform. Occasionally the chloroform 
was found to be slightly yellow after the 
extraction, and when this occurred, the 
chloroform was evaporated, the residue 
taken up with alcohol and this tested for 
bilirubin (van den Bergh test). Since 
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in which oxygen was supplied to 
plasma containing haemoglobin. 


The experimental method was, in prin- 
ciple, the same as that used in the preced- 
ing experiment. Laked blood was injected 
intravenously into a dog and allowed to 
circulate for one hour, at the end of which 
time the urine contained a very large 
amount of bilirubin, showing that the 
mechanism concerned in bile pigment 
formation was in full play. Blood was now 
withdrawn under aseptic precautions and 
citrated. The presence of an abundance of 
free haemoglobin in the plasma, because of 
the injection of laked blood, rendered 
further laking unnecessary, The plasma 
was entirely free from bilirubin. Portions 
of this citrated blood were buffered at 
different hydrogen-ion concentrations and 


incubated at 37°C. Oxygen was bubbled 


TABLE IV 


Haemoglobin and plasma taken during excessive bile pigment production 


5.8 Negative Negative Negative for bilirubin 
6.4 Negative Negative Negative for bilirubin 
7.5 Negative Negative Negative for bilirubin 
8.2 Negative Negative Negative for bilirubin 


bilirubin is slightly soluble in toluene, this 
fluid was always examined carefully for the 
slightest tinge of yellow. It remained 
colorless throughout all the experiments in 
which it was used (Table IV). 


Since it may be that the conversion 
of haemoglobin into bilirubin involves 
primarily oxidative processes, any en- 
zyme concerned in the reaction might 
be of the nature of an oxidase. Ex- 
periments were therefore carried out 


2 The buffer solutions used throughout 
these experiments were prepared by com- 
bining molar solutions of dibasic sodium 
phosphate and citric acid in different 
proportions according to the tables given 
by Mcllvaine (17). 


through the solutions in the incubator at 
frequent intervals. At the end of eighteen 
hours tests for bilirubin were carried out 
and the hydrogen-ion concentration of the 
different portions was determined colori- 
metrically after dialyzing against distilled 
water (Table V). Another experiment was 
carried out in exactly the same manner 
except that, in addition to oxygen, small 
amounts of hydrogen peroxide were added 
to the solutions at intervals during 24 
hours (Table VI). In no instance could 
bilirubin be detected at the end of any of 
the experiments. 


Examination of extracts of spleen 
for bilirubin-forming enzyme. Since 
we were unable, by the above methods, 
to demonstrate the presence in the 
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circulating blood of an enzyme capable 
of transforming haemoglobin into bili- 
rubin, we next turned to an examina- 
tion of the tissue fluids of the spleen. 
Since we know that bile pigment can 
be formed in and delivered to the cir- 
culating blood by the spleen, it seemed 
most probable that, if a bilirubin- 
forming enzyme exists in any organ, it 
would be present in demonstrable con- 
centration in this one. Furthermore, 
since the spleen is so rich in reticulo- 
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TABLE V 


Haemolyzed blood taken from circulation during period of excessive bilirubin formation. 
Oxygenated during incubation 


an hour. The haemoglobin-stained fluid 
was then poured from the sand and centrif- 
ugalized to free it from cellular debris. 
The supernatant fluid was pipetted off, put 
into sterile flasks and incubated at 37°C. 
Various preservatives were used in differ- 
ent experiments. Thymol, tricresol and 
toluene were tried, but the last was found 
to be the most satisfactory. Our tricresol 
alone yielded a colored solution on treat- 
ment with the van den Bergh reagent. The 
solutions were tested at various intervals 
for the presence of bilirubin but the tests 
were always negative. Table VII repre- 


VAN DEN BERGH AFTER 18 HOURS CHLOROFORM EXTRACTION 


PH at END OF EXPERIMENT 
Below 4.8 Negative 

5.1 Negative 

6.2 Negative 

7.5 Negative 

8.3 Negative 


Negative for bilirubin 
Negative for bilirubin 
Negative for bilirubin 
Negative for bilirubin 
Negative for bilirubin 


TABLE VI 


Haemolyzed blood taken from circulation during period of excessive bilirubin formation 
Oxygen and H,0; added during incubation 


VAN DEN BERGH AFTER 24 HOURS CHLOROFORM EXTRACTION 


PH at END OF EXPERIMENT 
Below 4.8 Negative 

5.0 Negative 

6.2 Negative 

7.4 Negative 

8.4 Negative 


Negative for bilirubin 
Negative for bilirubin 
Negative for bilirubin 
Negative for bilirubin 
Negative for bilirubin 


endothelial cells, it was of interest to 
examine an extract of these cells for 
the presence of such an enzyme. 


The spleen was removed from a dog by 
a clean operation under ether anaesthesia. 
The splenic veins were ligated before the 
arteries in order to induce engorgement of 
the organ with blood. The spleen was 
then cut into small pieces and ground 
thoroughly with sand under aseptic pre- 
cautions. One hundred cubic centimeters 
of sterile distilled water were mixed well 
with the pulp and allowed to stand for half 


sents a typical experiment. No bilirubin 
crystals were ever seen on microscopical 
examination of the sediments. 


Experiments were next carried out 
in which the splenic extracts were ad- 
justed to different degrees of acidity 
and alkalinity before being incubated 
with laked blood. The general pro- 
cedure followed in obtaining the ex- 
tract was the same as in the preceding 
experiment except that the ground-up 
pulp was extracted in the ice-chest for 
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of these experiments the haemoglo 
containing extraction solution 


a longer period of time. In the first cent solution. After incubation at 


divided into two parts. To one part, 


TABLE VII 
Extract of spleen incubated with laked blood 
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bin- 37°C. the solutions were tested for 
was bilirubin (Table VIII). 
In the next experiments exactly the 


VAN DEN BERGH 
TEST GMELIN TEST 


HUPPERT TEST CHLOROFORM EXTRACTION 


Negative | Green ring 


2 days Negative | Green ring 
3 days Negative | Green ring 
4 days Negative | Green ring 


Negative | Green ring 


Negative Negative for bilirubin 
Negative Negative for bilirubin 
Negative Negative for bilirubin 
Negative Negative for bilirubin 


Negative Negative for bilirubin 


TABLE VIII 


VAN DEN B 
TEST 


OMELIN TEST 


HUPPERT TEST CHLOROFORM EXTRACTION 


Extract of spleen (acid) incubated with laked blood 


Greenish ring 
Greenish ring 
Greenish ring 


Negative 
Negative 
Negative 


Negative for bilirubin 
Negative for bilirubin 
Negative for bilirubin 
No crystals microscopically 


Negative 
Negative 
Negative 


Extrac 


t of spleen (alkaline) incubated with laked blood 


Negative | Greenish ring | Negative Negative 

2 days Negative | Greenish ring | Negative Negative 

5 days Negative | Greenish ring | Negative Negative 
No crystals microscopically 


TABLE IX 
Splenic extract incubated with laked blood at different pH 


pH AT END OF VAN DEN VAN DEN VAN DEN VAN DEN VAN DEN 
EXPERIMENT BERGH AFTER|BERGH AFTER|/BERGH AFTER|BERGH AFTER|BERGH AFTER; CHLOROFORM EXTRACTION 
24 HOURS 2 Days 3 5 Days 8 Days 
Negative| Negative; Negative} Negative| Negative} Negative for bilirubin 
4.9 Negative| Negative| Negative; Negative} Negative} Negative for bilirubin 
5.1-5.3 | Negative| Negative| Negative} Negative} Negative} Negative for bilirubin 
6.1 Negative) Negative) Negative| Negative| Negative} Negative for bilirubin 
6.7 Negative} Negative) Negative) Negative) Negative) Negative for bilirubin 
7.4 Negative| Negative) Negative| Negative| Negative} Negative for bilirubin 
7.9 Negative| Negative) Negative) Negative) Negative) Negative for bilirubin 


acetic acid was added sufficient to 
make a 0.2 per cent acid solution; to the 
other, sodium carbonate was added in 
amount calculated to form a 0.2 per 


same procedures were employed except 
that the extracts were adjusted to 
different hydrogen-ion concentrations 
by adding 2 ce. of the buffer solutions 


| 
af 
| 
INCUBATION 
24hours | 
INCUBATION 
24 hours | 7 
2 days | 3 
rs 
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to 12 cc. of the haemoglobin-containing 
extracts. Table IX represents the 
composite results of this series of ex- 
periments. 

The preceding experiments were 
next repeated with the added factor 
of a liberal supply of oxygen to the 
solutions during incubation. Oxygen 
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haemoglobin can be transformed into 
bilirubin by incubation with auto- 
lyzing tissue, we have allowed splenic 
tissue to autolyze in contact with 
laked blood under sterile conditions 
and in the presence of air bacteria. 
No bile pigment was formed in either 
case (Table XII). Indeed, Hauser, 


TABLE X 
Spleen extract incubated with laked blood at different pH. Addition of oxygen 
pH at END OF EXPERIMENT eects ates CHLOROFORM EXTRACTION 
Below 4.8 Negative Negative for bilirubin 
4.9 Negative Negative for bilirubin 
6.1 Negative Negative for bilirubin 
7.6 Negative Negative for bilirubin 
8.2 Negative Negative for bilirubin 
TABLE XI 
Spleen extract incubated with laked blood at different pH. Addition of orygen and H:0; 
pH ar END OF EXPERIMENT 7 CHLOROFORM EXTRACTION 
Below 4.8 Negative Negative for bilirubin 
5.0 Negative Negative for bilirubin 
6.1 Negative Negative for bilirubin 
7.5 Negative Negative for bilirubin 
8.4 Negative Negative for bilirubin 
TABLE XilI 
Laked blood incubated with autolyzing spleen tissue 
TIME OF | VAN DEN 
INCUBA-~- BERGH TEST CHLOROFORM EXTRACTION MICROSCOPICAL EXAMINATION CONTROL CULTURE 


2 days| Negative} Negative for bilirubin 
4 days} Negative| Negative for bilirubin 


No crystals, many bacteria | Mixed flora 
No crystals No growth 


was bubbled through the splenic-ex- 
tract-laked-blood mixture at frequent 
intervals and, in some instances, small 
amounts (0.5 cc.) of hydrogen peroxide 
were also added. The results of these 
experiments are shown in Tables X 
and XI. 

Finally, since it has been stated that 


who mentions the occurrence of 
‘needle-shaped crystals of bilirubin” 
in the sediment which formed when 
blood was incubated with autolyzing 
tissue, made no attempt whatever to 
determine whether the crystals which 
he saw were really bilirubin crystals 
(18). 


| 


Formation of Bile Pigment from Haemoglobin 


DISCUSSION 


Although all of the attempts which 
we have made up to the present, to 
demonstrate the existence of a bile 
pigment forming enzyme, have been 
unsuccessful, it is obvious that we 
cannot conclude that an enzyme of this 
nature does not exist in the body, for 
there remain further methods which 
should be applied to the solution of this 
problem. However, we have in the 
present experiments supplied many 
of the ordinary conditions favorable 
to enzyme action, and the failure to 
obtain bilirubin from haemoglobin 
under these conditions shows at least 
that, if such an enzyme exists in the 
plasma or spleen, conditions of a 
different sort are required for its 
activity. In the light of the pres- 
ent status of the problem of the 
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manner in which bilirubin is formed 
within the body, it seems important 
that an exhaustive search be made 
for the presence of this frequently 
postulatedenzyme. It is obvious that 
its existence or non-existence is a 
matter of considerable import to the 
question of haemoglobin metabolism 
as well. 
SUMMARY 

The assumption is frequently made 
that there is present in the body an 
extracellular enzyme having the power 
to convert haemoglobin into bile pig- 
ment. We have been unable to de- 
monstrate an enzyme of this nature in 
the plasma or in the spleen. 

Contrary to statements in the litera- 
ture, bilirubin was never formed in 
our experiments when haemoglobin 
was subjected to the action of trypsin. 


REFERENCES 


(1) Neumann: Virchow’s Arch., 1888, cxi, 
25 


(2) Hvecx: Krehl u. Marchand, Hdbuch. 
d. all. Path., Bd. III, Abt. 2, 298. 

(3) Léwrr: Ziegler’s Beitr., 1889, iv, 225. 

(4) Minkowski anp Naunyn: Arch. f. 
exp. Path. und Phar., 1886, xxi, 1. 

(5) McNew: Jour. Path. and Bact., 1913, 
xviii, 325, 

(6) Rica anp Bumsteap: Bull. Johns 
Hopkins Hosp., 1925, xxxvi, No. 6. 

(7) Mann, Bottman AnD Macara: Amer. 
Jour. Phys., 1924, lxix, 393. 

(8) Ricu: Bull, Johns Hopkins Hosp. 
1925, xxxvi, No. 4. 

(9) van pen Bereu anv Snapper: Berl. 
klin. Wehnschr., 1915, lii, 1081. 


BULLETIN OF THE JOHNS HOPKINS HOSPITAL, VOL, XXXVI, NO. 6 


(10) Rice anp Rurensorr: Bull. Johns 
Hopkins Hosp., 1925, xxxvi, No. 6. 

(11) Virncnow: Virchow’s Arch., 1847, i, 379. 

(12) Ascnorr: Klin. Wchnschr., 1924, Nr. 


(14) — Phila. Med. Jour., 1902, ix, 

(15) Pact Proc, Amer. Soc, Biol. Chem., 
1908, iv, xxxiii. 

(16) Ascnorr: Ergeb. d. inn. Med. w 
Kinderheilk., 1924, xxvi, 2. 

(17) McItvainge: Jour. Bivl. Chem., 1921, 
xlix, 183. 

(18) Hauser: Arch. f. exp. Path. w. Phar., 
1886, xx, 162. 


4 
‘ 
22, 961 Sige 
(13) Deutsche med. Wchnschr., 
a 


Books Received 


A Text-Book of Physiology for Medical Stud- 
ents and Physicians. By Wit11am H. 
Pa.D., M.D., Sc.D., LL.D. 
Ninth edition, thoroughly revised. 1924, 
8°. 1069 pages. W.B. Saunders Com- 
pany, Philadelphia and London. $6.50. 


Serum Diagnosis of Syphilis by Precipitation. 
Governing Principles Procedure and 
Clinical Application of the Kahn Precipi- 
tation Test. By R. L. Kaun, M.S., D.Sc. 
1925, 8°. 237 pages. The Williams & 
Wilkins Company, Baltimore. $3.00. 


The Crippled Hand and Arm. A Monograph 
on the Various Types of Deformities of 
the Hand and Arm as a Result from Ab- 
normal Development, Injuries and Dis- 
ease, for the Use of the Practitioner and 
Surgeon. By Cart Becx, M.D. 302 
illustrations. 1925, 8°. 243 pages. J. B. 
Lippincott Company, Philadelphia and 
London. $7.00. 


The Diagnosis of Children’s Diseases. With 
Special Attention to the Diseases of In- 
fancy. By Proressor Dr. E. Fenr. 
Translated by Carl Ahrendt Scherer, 
M.D., F.A.C.P. 1925, 8°. 551 pages. 
J. B. Lippincott Company, Philadelphia, 
London, Montreal. $7.00. 


Infection, Immunity and Inflammation. A 
Study of the Phenomena of Hypersen- 
sitiveness and Tolerance, and Their Re- 
lationship to the Clinical Study, Pro- 
phylaxis, and Treatment of Disease. By 
Fraser B. Gurp, B.A., M.D., C.M., 
F.A.C.8. 1924, 8°. 329pages. The C. V. 
Mosby Company, St. Louis. $5.00. 


Fractures and Dislocations. Immediate 
Management, After-Care, and Convales- 
cent Treatment with Special Reference 
to the Conservation and Restoration of 
Function. By Purr D. Witson, A.B., 

446 


M.D., F.A.C.S. and William A. Cochrane, 
M.B., Cu.B., F.R.C.S., Edin. 978 illus- 
trations. 1925, 8°. 789 pages. J. B. 
Lippincott Company, Philadelphia and 
London. $10.00. 


An African Holiday. By Ruicuarp L. 


Sutron, M.D., LL.D. With 102 original 
illustrations. 1924, 8°. 180 pages. The 
C. V. Mosby Company, St. Louis. $2.25. 


Operative Surgery. By J. SHeutron Hors- 


M.D., F.A.C.8. With 666 original 
illustrations. Illustrated by Miss Helen 
Lorraine. Second edition. 1924, 4°. 784 
pages. The C. V. Mosby Company, St. 
Louis. $12.50. 


Elementary Anatomy and Physiology for 


Nurses. Including chapters on Psy- 
chology, Biology, Comparative Anatomy 
and Embryology. By H. Cuirrorp Bar- 
cuay, M.D., Cx.B., M.R.C.S., L.R.C.P., 
F.R.C.8S., Third edition. 1925, 8°. 411 
pages. William Wood and Company, 
New York. $3.50. 


The Internal Secretions of the Sex Glands. 


The Problem of the ‘Puberty Gland.’”’ 
By Avexanpes. Lipscutitz, M.D. With 
a preface by F.H.A. Marshall, F.R.S. 
With over 140 illustrations in the text. 
1924, 8°. 513 pages. W. Heffer & Sons, 
Cambridge; The Williams & Wilkins 
Company, Baltimore. $6.00. 


Medical Education. A Comparative Study. 


By ApranamM Fuexner. 1925, 8°. 334 
pages. The Macmillan Company, New 
York. 


The Action and Uses in Medicine of Digi- 


talis and Its Allies. By Antuur R. 
Cusuny, M.A., M.D., LL.D., F.R.S. 
Longmans, Green and Co., New York. 
With illustrations. 1925, 8°. 303 pages, 
$6.00. 


International Conference on Health Problems 
in Tropical America. Proceedings. Held 
at Kingston, Jamaica, B.W.I. July 22to 
August 1, 1924. By invitation of the 
Medical Department, United Fruit Com- 
pany. 1924, 8°. 1010 pages. Published 
by the United Fruit Company, Boston, 
Massachusetts. 


Consultations du médicin-practicien. Guide 
de pratique médico-chirurgicale journa- 
liére. Par Dr. Frep. Buancnop. 1925, 
8°. 584 pages. J.-B. Bailliére et fils, 
Paris. 35fr. 


A Text-Book of Chemistry and Chemical Ura- 
nalysis for Nurses. By Haroup L. 
Amoss, M.D. Third edition, thoroughly 
revised. 1925, 8°. 248 pages. Lea & 
Febiger, Philadelphia and New York. 
$2.25. 


Des Kindes Erndhrung, Erndhrungsstérun- 
gen und Erndhrungstherapie. Ein Hand- 
buch fir Artzte. Von Proresson Ap. 
Czerny und Prorgssorn A. KELLER. 
Zweite vollkommen umgearbeitete Au- 
flage.1. Band, T. 1 und2. 1924 & 1925. 
8°. 1078 pages. Franz Deuticke, Leipzig 
und Wien. $4.00 and $5.40. 


A Tezxt-Book of Practical Therapeutics. 
With Especial Reference to the Applica- 
tion of Remedial Measures to Disease and 
their Employment upon a Rational Basis. 
By Hosarr Amory Harp, B. Sc., M.D., 
LL.D. Nineteenth edition, enlarged, 
thoroughly revised and largely rewritten. 
Illustrated with 144 engravings and 8 
plates. 1925, 8°. 1061 pages. Lea & 
Febiger, Philadelphia and New York. 
$7.00. 


Chronologia Medica. A Handlist of Persons, 
Periods and Events in the History of 
Medicine. By Sire D’Arcy Power, 
K.B.E., M.B. Oxon., F.R.C.8. Eng. and 
C. J. 8. Tompson, M.B.E. 1923. 12°. 
278 pages. Paul B. Hoeber, New York. 
$3.50. 


Burdett’s Hospitals and Charities; Being 
the Year Book of Philanthropy and the 
Hospital Annual. Thirty-Fifth year, 


Books Received 447 


1925. 8°. 1019 pages. The Scientific 
Press, London. 17/6 net. 


The Lister Institute of Preventive Medicine. 
Collected Papers. No. 19. Part 1. Bac- 
teriological, Epidemiological, Pathologi- 
cal, and Statistical Papers. Part II. 
Biochemical, Physiological and Zoo- 
logical Papers. 1922-1923. 8°. London. 


Saint Thomas’s Hospital Reports. Edited 
by Dr. M. A. Cassidy, Mr. J. E. Adams 
and Dr. J. P. Hedley. Vol. xivi. 1924. 
8°. 213 pages. Adlard & Son, London. 


The Technic of Local Anesthesia. By Ar- 
tour E. Herrzier, A.M., M.D., Px.D., 
LL.D., F.A.C.S. Third edition, with 140 
illustrations. 1925, 8°. 272 pages. The 
C. V. Mosby Company, St. Louis. $5.50. 


On the Breast. By Duncan C. L. Frrz- 
wituiams, C. M.G., M.D., Ca.M., F.R. 
C.S. Ed.andEng. 1924,8°. 440 pages. 
The C. V. Mosby Company, St. Louis. 
$10.00. 


Elementary Morphology and Physiology for 
Medical Students. A Guide for the First 
Year and a Stepping-stone to the Second. 
By J. H. Woopasr, B.Sc. 1924, 8°. 528 
pages. Oxford University Press, London. 
$4.20. 


An Introduction to Practical Bacteriology. 
As Applied to Medicine and Public 
Health. A Guide to Bacteriological 
Laboratory Work for Students and Prac- 
titioners of Medicine. By T. J. Macks, 
M.D. (Glas.), D.P.H. (Oxford) and J. E. 
McCartyey, M. D., D.Sc. (Edin.). 
1925, 12°. 297 pages. William Wood & 
Company, New York; E. &8. Livingstone, 
Edinburgh. $3.50. 


Diseases of the Rectum and Pelvic Colon. By 
Martin L. Bopxin, M.D., F.A.C.S8. 
Illustrated. Second edition, revised and 
enlarged. 1925, 8°. 487 pages. E. B. 
Treat & Company, New York. $6.00. 


Tumors of the Spinal Cord. The Symptoms 
of Irritation and Compression of the 
Spinal Cord and Nerve Roots. Pathol- 


448 


ogy, Symptomatology, Diagnosis and 
Treatment. By CHaritzes A. Evspere, 
M.D. With three hundred and fifty-four 
illustrations. 1925, 4°. 421 pages. Paul 
B. Hoeber, New York. $10.00. 


Report on Second International Congress of 
Military Medicine and Pharmacy. Rome, 
May-June, 1923. By Commanper W11- 
Seaman M. C. 1925, 
8°. 148 pages. Washington, D.C. 


Handbook of Bacteriology. For Students 
and Practitioners of Medicine. By 
Joserx W. Biccrer, M.D. (Dublin) F.R. 
C.P.1., D.P.H. 1925, 8°. 413 pages. 
William Wood and Company, New York. 
$5.00. 


The Physiology of Mind. An Interpretation 
based on Biological, Morphological, Phys- 
tcal and Chemical Considerations. By 
Francis X. Dercum, A. M., M.D., Px.D. 
Second edition, reset. 1925, 8°. 287 
pages. W. B. Saunders Company, Phila- 
delphia and London. $3.50. 


Principles of Surgery for Nurses. By M. 8. 
Wootr, M.A., B.Sc., M.R.C.S. (Eng.), 
L.R.C.P. (Lond.). Illustrated. 1925, 8°. 
350 pages. W. B. Saunders Company, 
Philadelphia and London. $3.00. 


Association for Research in Nervous and 
Mental Disease. A Series of Investiga- 
tions and Reports. Volume III, 1923. 
Heredity in Nervous and Mental Dis- 
ease. 1925, 8°. 332 pages. Paul B. 
Hoeber, New York. $8.75. 


Feeding, Diet and the General Care of Chil- 
dren. A Book for Mothers and Trained 
Nurses. By Atpert J. Betz, A.B., M.D. 
Second revised edition. Illustrated. 
1924, 12°. 290 pages. F. A. Davis Com- 
pany, Philadelphia. $2.00. 


A Contribution to the Study of Pernicious 
Anemia and Aplastic Anaemia. By Ar- 
THUR SuHearp, M.D. A Thesis Presented 

for the Degree of Doctor of Medicine in 

the University of Leeds, December, 1923, 

1924, 8°. 94 pages. William Wood and 

Company, New York. $2.50. 


Books Received 


William Crawford Gorgas. His Life and 


A Laboratory Manual 


Clinical Therapeutics. 


Work. By Marte D. Goreas and Burton 
J. Henprick. 1924, 8°. 359 pages. Lea 
& Febiger, Philadelphia and New York. 
$5.00. 


An Introduction to Dermatology. By Sir 


Norman Waker, Eighth edition. With 
92 plates and 80 illustrations in the text. 
1925, 8°. 373 pages. William Wood & 
Company, New York. $7.00. 


Pediatrics. By Various Authors. Edited by 


Isaac A. Abt., M.D., Volume VI with 150 
illustrations. 1925, 8°. 736 pages. W. B. 
Saunders Company, Philadelphia and 
London. $10.00 per volume. 


Clinical Medicine for Nurses. By Pauu H. 


Rinecer, A.B., M.D. Illustrated. Second 
revised edition. 1924, 12°. 306 pages. 
F. A. Davis Company, Philadelphia. 
$2.50. 


of Physiological 
Chemistry. By W. Rockwoop, 
M.D., Pa.D., and Paut Reep Rocxwoopn, 
M.D. Fifth edition, revised and en- 
larged. Illustrated with four colored 
plates and forty-three text engravings. 
1924, 8°. 413 pages. F. A. Davis Com- 
pany, Philadelphia. $4.00. 


Pseudo-A ppendicitis. A Study of Mechani- 


cal Syndromes of the Right Lower Quad- 
rant Simulating Appendicitis. By 
Tarerry pe MArtTet and Epovarp 
Antoine. Authorized translation from 
the French, by James A. Evans, A.B., 
M.D. Preface by R. Bensaude. Itlus- 
trated with forty-one engravings. 1925, 
8°. 211 pages. F. A. Davis Company, 
Philadelphia. $3.00. 


I. Therapeutic 
Agents. II. Therapeutic Procedures. 
III. The Treatment of Symptoms. IV. 
The treatment of Diseases. By ALFRED 
Martinet, M.D. Authorized English 
translation from the second revised and 
enlarged edition, by Louis T. de M. 
Sajous, B.S.,.M.D. With 332 text en- 
gravings. Complete in two Royal octavo 
volumes. 1925, 8°. 1800 pages. F. A. 
Davis Company, Philadelphia. $16.00. 


Book Reviews 


International Clinics. Ed. by Henry W. 
Cattell, A.M., M.D., and Charles H. 
Mayo, M.D. [et al.] $2.00. (J. B. 
Lippincott Co., Philadelphia, 1924.) 
Vols. III and IV of the 34th series contain 

the usual excellent articles of general 

medical interest. Public Health, Medical, 

Pediatric and Surgical Problems are dis- 

cussed quite fully. Of especial interest are 

thearticles by Zingher on ‘“The Dick Test,"’ 

Abbot and Dawson on ‘‘The Clinical Classi- 

fication of Congenital Cardiac Disease’’ 

and Turner on ‘Calcification of the Peri- 
cardium.’’ A very good general article on 

Insulin appears in Volume IV by Banting. 

On the whole the two volumes are quite 

worth while. 
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Rheumatic Heart Disease. By Carey F. 
Coomss. Pp. 376. $4.50. Wm. Wood & 
Co., New York, 1924.) 

In this volume we have an excellent 
presentation of the subject of Rheumatic 
Heart Disease, of the large personal ex- 
perience of the author and of the course of 
rheumatic infection. The arrangement of 
the text is quite good and covers the subject 
from etiology to treatment. One is rather 
surprised that the author feels that rheu- 
matic fever is due to a streptococcus infec- 
tion. While some of the evidence which he 
brings forth in support of this belief is 
interesting, it seems best for the present, 
at least, to consider the cause of acute rheu- 
matic fever as unknown. The illustrations 
in the text are excellent. 

oO. 8. K. 


The Serum Diagnosis of Syphilis by Precipi- 
tation. R.L. Kaun, M.S.,D.Sc. 237 pp. 
$3.00. (The Williams & Wilkins Com- 
pany, Baltimore, 1925.) 

In view of the popularity of the author’s 
test, his little book comes at a very oppor- 
tune time. The steps whereby Dr. Kahn 
has arrived at his present technique have 


been carefully considered and controlled, 
and are clearly presented. His antigen— 
an alcoholic extract of beef heart reinforced 
with 0.6 per cent cholesterine—has the 
advantage over the Wassermann antigens in 
the manner in which it can be controlled 
during its preparation and before it is used. 
This is of great help in determining the 
amount of ether extractive substances that 
have been removed. The necessity of 
pipetting such small quantities as 0.0125 ce. 
of antigen dilution may be, however, a 
possible source of error. The author has 
also thought it necessary to include a quan- 
titative procedure as of probable value in 
cases undergoing treatment. The necessity 
for such a test is still debatable. 

The method of testing spinal fluid, which 
necessitates the precipitation of the protein 
of the fluid by the addition of ammonium 
sulphate, is rather complicated and might 
cause confusing results in the hands of 
inexperienced workers. 

As an index of its clinical value, the 
author reports the results of 100,000 Kahn 
tests compared with those of the Wasser- 
mann reaction after one hour’s incubation 
in the ice-box. This group includes 3600 
tests in which the results have been tabu- 
lated according to the stage of syphilis in 
the different patients, and 1000 tests of the 
sera of patients undergoing antisyphilitic 
treatment. Over 2600 tests on non-syphi- 
litic individuals have also been performed. 

Although the proportion of agreement 
between the Kahn test and the Wassermann 
reaction is greater than with any precipita- 
tion test reported to the present time, the 
years of clinical experience which have 
served as a check on the Wassermann 
reaction have given it a prestige difficult for 
a test as recent as the Kahn test to over- 
come. At present it can only be used in 
conjunction with the Wassermann reaction 
as a possible aid in the diagnosis of syphilis. 

J. E. K. 
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The Life of Sir William Osler. By Hanver 
Cusine. 2vols. $12.50. (Ozford Uni- 
versity Press, New York.) 

Through the courtesy of the Oxford 
Press we have received a copy of Dr. 
Harvey Cushing’s eagerly expected “‘Life of 
Sir William Osler.” As there was not 
sufficient time to attempt any adequate 
and just review of these two volumes for 
the June number of the BuLuErin (such a 
review will appear later) we wish merely to 
call the attention of our readers to this 
work and to express the hope that those 
who read this extremely absorbing life 
story may find a complete fulfillment of 
the pleasure and inspiration afforded in 
even a hurried glance over the wealth of 
detail gathered into these two volumes. 


Book Reviews 


A tremendous task, undertaken by Dr. 
Cushing at the request of Lady Osler, in a 
spirit of the finest loyalty and devotion to 
the memory of the much beloved Chief, 
he has accomplished his purpose in a most 
successful way. Weaving his story about 
the thread of Dr. Osler’s letters, with a very 
human and sympathetic linking together 
of all the significant epochs and lighter 
incidents, he has succeeded admirably in 
creating the spirit and the atmosphere of 
that life which meant so much to so many 
and wielded, for all too short an earthly 
span, such an extraordinary influence upon 
the evolution of the study of medicine 
and upon mankind. 


E. P. C. 
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